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PREFACE 


In past years it was considered satisfactory, when presenting a pedigree or set of pedigrees of a 
specific disease, to make careful records of the members of each family and to describe their 
interrelationship. Now the task of an investigator is much more arduous. Not only has the 
specific pathology of each case and its age of onset to be described but search has to be made for 
linkage with known hereditary markers. Cytological tests must be done to exclude detectable 
anomalies of karyotype which might be characteristic. The vital statistics and fertility rates of 
the affected subjects must be analysed to give information about mutation rate of any gene 
involved and the action of natural selection upon its persistence in the population. The question 
of how many genes are concerned in the causation and their mode of interaction also has to be 
studied. Using these methods, it is possible to distinguish conditions which have clinical simi- 
larity but different causation. 

All these techniques have been used by Dr Veale in a most skilful and detailed manner in his 
comprehensive account of the genetics of intestinal polyposis. The monograph contains a 
remarkably complete description of a group of diseases which is of great interest both from the 


point of view of human genetics and of cancer research. 
L. S. PENROSE 


EPA THOLOGY GF POLY POSIS 


INTRODUCTION 


Familial intestinal polyposis is a rare hereditary disease characterized, in adolescence or early 
adult life, by large numbers of adenomatous polypi on the mucous membrane lining the colon 
and rectum. The importance of this condition lies in the fact that it is almost invariably fatal 
because cancer develops in one, or more, of the polypi. The increasing awareness of hereditary 
syndromes, all of which are characterized by polypoid lesions in the large bowel, has been 
coupled with a tendency to consider them essentially as variants of one common disorder. 
In fact they are probably clinically, pathologically and genetically distinct diseases. The 
purpose of the present monograph is to examine the most frequent form, familial intestinal 
polyposis, in detail, in order to provide a yardstick with which other forms of polyposis may 
be compared. 

In familial intestinal polyposis, after the development of the polypi, symptoms may be 
absent or may consist only of vague intermittent abdominal discomfort. Many patients, 
however, develop severe symptoms, with frequent bouts of abdominal pain, passage of loose, 
blood-stained motions and much mucus. This may cause loss of weight, anaemia and general 
debility for which the patient may seek medical advice. Occasionally, large polypi may 
prolapse through the anus, cause symptoms of intestinal obstructions, partial or complete, 
or even initiate an intussusception. The polypi are either sessile or pedunculated and vary in 
diameter from a few millimetres to several centimetres. Their distribution in the large bowel 
is variable but they tend to be more numerous in the rectum and in the distal end of the colon. 
The number may vary from a few score, scattered in the rectum and sigmoid colon, to many 
thousands, extending all the way to the ileo-caecal valve, of such density that no normal 
mucosa is visible. On histological examination the polypi are found to be adenomata. 

At any time one or more polypi may undergo a malignant change so that a patient, if left 
untreated, will eventually die from cancer of the colon or rectum. The development of a 
cancer may be quite sudden. In some patients who have relatively few polypi when the condi- 
tion is first detected, malignancy is found to be already established. In others, who have 
widespread polyposis, malignancy does not develop for many years. This is one of the most 
baffling features of the condition. A surgically excised specimen of rectum and sigmoid colon, 
with scattered polypi and a cancerous growth in each portion of the bowel, is shown in PI. 1. 
_ This illustration was chosen in order to emphasize an important point concerning the number 
of polypi found in polyposis. Illustrations of this condition often only demonstrate the 
extremely large numbers of polypi. However, this ‘classical’ appearance, which is shown in 
Pl. 2, is not fully characteristic of the condition. In many patients the numbers of polypi 
can be reckoned in only tens or scores rather than in hundreds or thousands. Grossly con- 
trasting numbers of polypi may be found in related individuals. Moreover, malignant 
degeneration of one or more polypi may occur even when the total number is relatively small. 

Probably the first description of a polypoid condition of the large bowel was that given by 
Menzel (1721) when he reported the lesions found in a soldier who had died from chronic 
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dysentery. Rokitansky (1839) recognized that ‘polypi’ might be found as a result of chronic 
dysentery and Virchow (1863) suggested the name ‘colitis polyposa’ for such lesions to 
indicate an inflammatory origin. Woodward (1881) described polypoid lesions found in 
ulcerative colitis and suggested the name ‘pseudo-polyposis’ for them. Similar lesions may 
be found after inflammation of the mucosa from any cause. However, in none of these condi- 
tions are the lesions adenomas. They consist of irregular tags of tissue. Before the introduc- 
tion of the microscope it was impossible to distinguish between adenomas and other polypoid 
lesions of a non-neoplastic character with certainty. In true polyposis the lesions are smooth 
in the early stages, with a rounded contour and of the same pink colour as the normal mucous 
membrane. They are scattered fairly evenly over the mucous membrane. As they grow 
larger, lobules may develop. Secondary inflammatory changes and haemorrhages may, later, 
obscure the characteristic appearances so that the final picture may resemble that found in 
‘pseudo-polyposis’ or ‘colitis polyposa’. Lebert (1861) and Richet (1873) each described a 
single case of what was probably true adenomatous polyposis but the condition was not 
recognized as a separate disease entity. It was regarded as a curiosity which resulted from 
an increased response to, or stimulation by, whatever factors produced a single polyp (or a 
few). Cripps (1882) first drew attention to the familial incidence of the condition when he 
described the disease in a young man aged 19 and his sister aged 17. Smith (1887) described 
this same family when another sib had become affected. Bickersteth (1890) reported polyposis 
as occurring in a woman and her child. Handford (1890) drew attention to the association 
between polypi and carcinoma in describing polyposis in a woman who died from carcinoma 
of the rectum at the age of 34. Early reviews of the subject are given by Hauser (1895) and 
by Doering (1907). 

Although polyposis was recognized as a separate condition and was known to be associated 
with carcinoma, the fact that the polypi preceded the carcinoma was not discovered until the 
sigmoidoscope came into general use (between 1900 and 1920). Lockhart-Mummery (1925) 
emphasized that polyposis was an important predisposing factor towards cancer of the colon 
and/or rectum. In support of his claim, he produced data from three families. This paper 
initiated a research activity at St Mark’s Hospital, London, which continues. 

Hullsiek (1928) reviewed 127 cases from the literature but he made no reference to Cripps 
(1882), Smith (1887), Bickersteth (1890) or Handford (1890), all of whom described familial 
cases and Handford also mentions the occurrence of carcinoma. Hullsiek (1928) included at 
least ten cases, which would not have been diagnosed now as true cases of familial intestinal 
polyposis, in which polypi were found in the small intestine. It is perhaps noteworthy that 
in this series (Hullsiek, 1928) familial incidence was found in only thirteen of 127 cases 
(11:1%). Dukes (1930) made an exhaustive review of the subject, and Lockhart-Mummery & 
Dukes (1939) reported on further data collected at St Mark’s Hospital, including a total of 
ten families in which there were many cases of polyposis and of cancer of the large bowel. 
Dukes (1952), again reporting on the work at St Mark’s Hospital, was able to include data 
from forty-one families of which thirty-three had been fully investigated. In eleven of these 
families there was apparently no familial incidence. Dukes included a further review of the 
literature in this paper. Reed & Neel (1955) presented data from twenty-three families, in 
Michigan, which they compared with those described by Dukes (1952): the agreement between 
the two sets of data was fairly good. 


Pl. 1. Familial intestinal polyposis showing scattered polypi and two cancers, one in the rectum (A) and one 
in the sigmoid colon (B). 


(Facing p. 2) 


(a) (0) 


Pl. 2(a). Familial intestinal polyposis. Caecum and ascending colon showing an abrupt transition from 
normal (lower half) to affected epithelium carrying many polypi. (b) Part of the transverse colon from the 
same patient as 2(a@). No normal epithelium is visible. Only 5% of polyposis patients show this classical 
degree of involvement. 
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Pl. 3. Sections of common forms of rectal and colonic polyps which may be multiple. 


polyp, (c) juvenile polyp, (d) metaplastic polyp. 
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HISTOLOGICAL CLASSIFICATION OF POLYPI 


Morson (1962c) has discussed the classification of benign polypoid lesions of the large bowel: 
Table 1 is based on his scheme. The importance of the classification lies in the separation of 
neo-plastic polypi (which are precancerous) from benign lesions. The only precancerous polypi 
of the large bowel are an adenoma, papillary adenoma and the villous papilloma. It should 
be remembered, however, that the separation of these three epithelial tumours is for histo- 
logical convenience only and it does not rest on any fundamental difference in their behaviour 
or malignant propensity. The adenoma is distinct from the villous papilloma by reason of its 
characteristic diminution in the secretory elements of the epithelium: secretory elements 
often, though not invariably, predominate in the villous papilloma. There are many polypi 
which have features in common with both these types of tumour: the intermediate type is 
described by the term papillary adenoma. Isolated polypi of the large intestine are usually 
adenomas, with papillary and villous adenomas occurring less frequently: the polypi in 
familial intestinal polyposis show a similar relative frequency and all three types are found. 

Another point which is shown in Table 1 is that the characteristic polyp found in Peutz— 
Jeghers’ syndrome need not be multiple and an isolated polyp of this type may be found 
independently of the syndrome. 


TABLE 1. Classification of benign tumours of the large intestine. 
Based on Morson (1962c) 


Single polyp Multiple polypi 
Neoplasms Adenoma 
Papillary sdome| Familial intestinal polyposis 
Villous papilloma 
? Neoplasms or Haemangioma — 
? hamartomas Leimyoma —_— 
Lipoma Lipomatosis 
Neurofibroma 
Hamartomas Juvenile polyp Juvenile polyposis 
Peutz—Jeghers’ polyp Peutz—Jeghers’ syndrome 
Inflammatory Benign lymphoma Lymphomatous polyposis 
Inflammatory (pseudo-) May follow any diffuse inflammatory process, 
polyp especially ulcerative colitis 
Unclassified ‘Hyperplastic’ or ‘meta- Multiple lesions often seen 


plastic’ polyp 
— Cystic pneumatosis 

The sections (Pl. 3) show the difference between some of the kinds of polyp. In the 
adenoma (a), the proliferating epithelium with hyperchromatic cell nuclei and few goblet cells 
is seen to overlie a smoothly continuous muscularis mucosae, which has retained its normal 
relationship to the epithelium. This is in marked contrast with the Peutz—Jeghers’ polyp (6), 
where the tree-like muscularis mucosae seems to be primarily involved in the production of 
the polypoid lesion and that the epithelium is only secondarily involved. Confirmation of this 
is obtained by a detailed examination of individual epithelial cells of the Peutz—Jeghers’ polyp. 
In addition to looking normal, individual cells of different types are found in the same relative 
frequencies and situations as in normal epithelium. The epithelial cells of an adenoma show 
increased mitotic activity, a marked diminution of mucus-secreting cells and an obvious 
distortion of normal epithelial architecture. 
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Thus, the term ‘polyposis’ should properly be preceded by a qualifying adjective but the 
word will be used for familial intestinal polyposis (more exactly termed ‘hereditary adeno- 
matosis of the colon and rectum’) for convenience. 

There are other lesions which cannot be classified. For example, two patients, included in 
the present series, from families in which the polyposis gene is manifest, have been found with 
polypi showing bizarre histological appearances: the lesions were of undoubted neoplastic 
character but with inflammatory granulomatous tissue superimposed on atypical epithelial 
proliferation. 


POLYPOSIS ASSOCIATED WITH OTHER LESIONS 


Paget (1853) recognized the occasionally hereditary nature of sebaceous cysts but it was not 
until 1937 that it was suggested, by Munro, that they might sometimes be associated with 
intestinal carcinoma. Oldfield (1954) described polyposis with multiple sebaceous cysts and 
a family in which familial intestinal polyposis was associated with sebaceous cysts, sub- 
cutaneous tumours (which consisted largely of unencapsulated masses of fibrous tissue) and 
osteomas of the facial and cranial bones was reported by Gardner & Stephens (1950), Gardner 
(1951), Gardner & Plenk (1952) and Gardner & Richards (1953). Some of the affected members 
in this family had minor thickening of their long bones. This association of familial intestinal 
polyposis with subcutaneous and cutaneous tumours and osteomas is now often referred to 
as Gardner’s syndrome: it appears to be due to a single gene with multiple effects. The present 
writer considers that this term should be reserved for the syndrome as described by Gardner 
& Richards (1953). Occasionally one member of a family with familial intestinal polyposis 
may present one or other features of this syndrome in association with polyposis but other 
members of the family may have polyposis alone. 

So far no dissociation of the bowel and other lesions has been observed in any family: thus, 
the presence of skin tumours or osteomas serves to indicate the presence of polyposis. It 
should be remembered, however, that, rarely, the bowel lesions may precede the formation of 
the associated tumours. 

Occasionally variation has been noticed within members of families where polyposis is 
associated with some of the lesions which are found in Gardner’s syndrome. O’Brien & Wels 
(1955) described six people in one family with polyposis and benign fibrous tissue tumours. 
Two of them had desmoid tumours of the abdominal wall, two had a fibrous tissue tumour of 
the mesentery, one had an osteoma of the frontal bone and the other had an osteoma of the 
femur. Weiner & Cooper (1955) reported three brothers with polyposis and soft tissue tumours 
and osteomas: another brother had only one osteoma in association with polyposis. Gumpel & 
Carballo (1956) and Gorlin & Chaudhry (1960) described a family containing individuals with 
polyposis and fibromas, osteomas, fibrosarcomas and epidermoid cysts. Turcot, Despres & 
St Pierre (1959) reported familial intestinal polyposis, in association with malignant tumours 
of the central nervous system, in a brother and sister. The boy died, at the age of 15, from the 
effects of medulloblastoma and his sister, aged 13, died from a glioblastoma. 

In a remarkable family with polyposis, osteomas, sebaceous cysts and subcutaneous lesions 
Gorlin (1961) reported that the affected individuals were found to excrete increased amounts 
of hydroxyproline in their urine. If some similar biochemical abnormality, equally easily 
detected, can be found to result from the presence of the gene for the classical form of poly- 
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posis, the diagnosis of the condition and management of the affected families will be consider- 
ably simplified. 

In all forms of intestinal polyposis which have been described here, affected relatives can 
usually be found. Even if no relatives are available for examination, the family history of 
deaths from bowel cancer is often elicited. The pattern of inheritance is that described as 
dominant and is consistent with a gene’s expressing itself in single dose and being transmitted 
to approximately half of the children of affected persons. 


ISOLATED CASES 


Many writers have referred to single cases of polyposis in families where there were apparently 
no affected relatives. This has led to the separation of alleged non-familial cases from the in- 
herited condition and the suggestion that they represent a phenocopy. Friedell & Wakefield 
(1943) claimed that a positive family history was only obtained in 50% of instances of 
polyposis. The relative frequency of the inherited and the ‘non-familial’ forms of the disease 
among propositi, detected by Reed & Neel (1955), was 37-5 % : among twenty-four propositi 
there were nine who did not give a history indicating that other members of their families 
were affected. Dukes (1952) found eleven families, out of a total of thirty-three, which con- 
tained only one person with polyposis. Combining these two series, we find that 35:1% of 
families, ascertained through propositi with polyposis, contained no other affected person. 
Some of these apparently isolated cases will be the result of fresh mutation and we will 
examine in greater detail, later, whether there is any need to postulate the non-familial case 
to account for their apparently high incidence. Meanwhile we may note that the incidence of 
isolated cases is high enough for some surgeons to have no experience of familial intestinal 
polyposis and who, therefore, have doubts of the existence of an inherited form of the condi- 
tion. Mayo, DeWeerd & Jackman (1951) suggested that isolated cases are the result of a 
recessive gene in double dose. 


PEUTZ—JEGHERS SYNDROME 


The association of multiple tumours of the alimentary tract with melanin pigmentation of 
the oral mucosa, lips, face, palms and soles was described by Peutz (1921) and discussed by 
Jeghers, McKusick & Katz (1949). It has been thought that this syndrome is a variant of 
familial intestinal polyposis in that all the polypi are true adenomas and show a tendency to 
undergo malignant degeneration. Bartholomew & Dahlin (1958) and Bartholomew, Dahlin & 
Waugh (1957) have cast doubt on this and have suggested that the polypi in the Peutz— 
Jeghers’ syndrome are not neoplastic but are the result of local tissue malformation (hamar- 
tomas). Accordingly there is not the same risk of malignant change. Bailey (1957) collected 
sixty-seven cases of the Peutz—Jeghers’ syndrome from the world literature in which there had 
been recorded adequate details of the histology and distribution of the intestinal tumours. In 
thirteen of these an adenocarcinoma had been found in the small intestine and, in three cases, 
there was a carcinoma of the large intestine. This emphasizes an important difference between 
familial intestinal polyposis, where the polypi are confined to the large bowel, and the Peutz— 
Jeghers’ syndrome, in which they may be found anywhere in the alimentary tract. Furthermore, 
the contention that the polypi in the Peutz—Jeghers’ syndrome are hamartomata rather than 
adenomata is receiving increasing support. Dormandy (1957) believes that malignant trans- 
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formation of the Peutz—Jeghers’ polypi of the small intestine hardly ever occurs. However, the 
reported cases of malignancy in this syndrome require explanation. A number of authors have 
suggested that in some of the polypi the mucosal malformation is actually within the wall of 
the intestine and that its appearance can easily be misinterpreted as cancerous invasion. In a 
search of the literature, Morson (1962a) was not able to find any record of carcinoma in the 
regional lymph nodes, or of death from disseminated malignant disease that could be attributed 
to a Peutz—Jeghers’ polyp of the small intestine. However, Morson (1962a) does know of one 
patient with the Peutz—Jeghers’ syndrome who had a confirmed adenocarcinoma of the duo- 
denum with lymphatic metastases. He regards this as an exceptional case and concludes that 
at worst the Peutz—Jeghers’ syndrome is a disease with a low risk of cancerous change. The most 
common complication of the Peutz—Jeghers’ syndrome is an acute small bowel obstruction or an 
intussusception. 

The Peutz—Jeghers’ syndrome is genetically similar to familial intestinal polyposis, in that it 
appears to be due to a gene operating in single dose. A family history has not always been 
obtained but Bartholomew et al. (1957) found seventy-five cases reported in the world literature 
and an hereditary tendency was found in 55% of them. 

Cronkhite & Canada (1955) described gastro-intestinal polyposis associated with diffuse 
pigmentation, alopecia and atrophy of the finger nails, which appears to be a variant of the 
Peutz—Jeghers’ syndrome. 


RARE INHERITED DISEASES 


The lesions in the large bowel in the various forms of polyposis so far described have (with the 
exception of the Peutz—Jeghers’ syndrome) been adenomata. The term polyp is applied to any 
tumour giving rise to an elevated lesion on the mucous membrane. Certain rare inherited 
diseases in which multiple polyps occur in other parts of the body may occasionally also affect 
the large bowel. Hereditary lipomatosis is such a condition. Hereditary telangiectasia has been 
known to involve the large bowel but here the lesions seem to be confined to the subepithelial 
tissues and do not produce polypi. In multiple neurofibromatosis (von Recklinghausen’s 
disease), besides the typical lesions of the skin and peripheral nervous system, there may be 
pigmentation of mucous membranes. Moreover, isolated neurofibromatous polypi sometimes 
occur independently of von Recklinghausen’s disease. 


FAMILIAL POLYPS 


Woolf, Richards & Gardner (1955) described a large family in which from one to four adeno- 
matous polypi were found in the rectum or colon of approximately 50% of the adults of a single 
generation. It was suggested by the writers that this is due to the action of a single gene, similar 
to the polyposis gene, but with a less powerful action. A possible relationship between familial 
polyps and familial polyposis will be discussed later, but the dividing line between the two condi- 
tions will still remain obscure. It has already been pointed out that the presence of many 
thousands (or even hundreds) of polypi is not a characteristic feature of polyposis and, within 
some undoubted polyposis families, there are affected members who have been found to have 
very few polypi, sometimes fewer than ten. Notwithstanding this, some of these persons have 
later developed cancer without any great increase in the number of benign lesions present; other 
patients with initially very few polypi have gone on to produce an appearance more in keeping 
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with the classical description of the disease. These patients do not provide any great difficulty 
in diagnosis when a family history of polyposis and cancer already exists. We shall see later that 


probably a family investigation of new cases with even one adenoma may be in the best interests 
of the patient and his relatives. 


JUVENILE POLYPI 


Juvenile, cystic or retention polypi are frequently encountered as single lesions in children. 
However, they are usually spontaneously cured by auto-amputation following torsion of their 
rather long pedicle. The histological appearances of a juvenile polyp are characteristic, consisting 
of a large amount of loose connective tissue interspersed with cystic spaces filled with mucus 
(retention cysts) (see Pl. 3c). The surface of the polyp is smooth and covered with a normal layer 
of intestinal epithelium, presenting none of the features of hyperchromatism and cellular 
proliferation characteristic of an adenoma. Torsion of the pedicle leading to intermittent infarc- 
tion, haemorrhage, secondary infection and epithelial ulceration may obscure the typical 
appearance. Although these polypi are commonly found in children, it is important to realize 
that they may occur in persons of any age and that the term ‘juvenile’ is better taken as 
referring to the primitive nature of the connective tissue stroma of the polyp, rather than to the 
age of the person harbouring it. It is also important to remember that a juvenile polyp may 
appear in association with polypi of another kind. Juvenile polyps have occurred among 
multiple adenomas in a case of familial intestinal polyposis. Morson (19626) has described one 
case of multiple polyposis in which all the polyps examined were ‘juvenile’ and further work at 
St Mark’s Hospital is resulting in the recognition of a new syndrome of ‘juvenile’ polyposis for 
which a simple genetic explanation is not obvious. The importance of this syndrome is that 
juvenile polyps are not neoplastic and so there may not be the same risk of cancerous change as 
there is when the lesions are adenomas. 


‘HYPERPLASIA’ AND ‘METAPLASIA’ 


Small raised areas, a few millimetres across, are frequently seen in the colon and/or rectum of 
patients of all ages and either sex. They may occur alone or in association with polypi of other 
kinds. Microscopically (Pl. 3d) the appearances are not typical of those seen in adenomatous 
proliferation of the epithelium; the terms hyperplasia and metaplasia are used in an attempt 
to convey the non-neoplastic nature of these lesions. Histologically the mucosa is seen to be 
thickened with lengthening of the mucosal tubules which may become dilated with retained 
mucus. Within the tubules there may be flattening of the epithelial cells which results in an 
abnormal appearance of the surface epithelium which is further accentuated by a considerable 
diminution in the number of goblet cells. The exact classification of these lesions is not possible 
at present and, in the absence of any knowledge of their pathogenesis, it is appropriate that they 
should not, at present, be regarded as essentially either benign or neoplastic. 


LYMPHOMATOUS POLYPOSIS 


Cornes (1961) was able to find in the literature twenty-two cases of multiple lymphomatous 
polyposis of the gastro-intestinal tract. The lesions could be further classified into giant follicular 
lymphoma, lymphosarcoma, reticulum cell sarcoma and Hodgkin’s disease. The lesions are 
usually in the mucosa and submucosa and take the form of mucosal thickening, sessile or 
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pedunculated polypi, and raised nodular patches. In many cases the macroscopic appearances 
are similar to those of adenomatous polypi of familial intestinal polyposis but, in contradistinc- 
tion to polyposis, the entire gastro-intestinal tract is nearly always involved. 

Cornes (1960) described three cases of his own and three from literature, of a syndrome con- 
sisting of primary malignant lymphomas and carcinomas of the intestinal tract occurring simul- 
taneously in the same patients. Each of the three patients examined by Cornes (1960) had 
one or more adenocarcinomas of the large bowel, as well as malignant lymphomas. In addition, 
one of the patients had a benign adenomatous polyp and another had multiple small sessile 
polypi as well as several foci of carcinoma. It is clear that familial intestinal polyposis is not the 
only condition of the large bowel which may be associated with the occurrence of carcinoma and, 
even though the relationship between lymphomas and carcinomas is obscure, it appears that 
some relationship does exist. 

CYSTIC PNEUMATOSIS 
The cause of this condition, where gas-filled cysts project into the lumen of the large bowel, is 
at present unknown. The importance of it, however, is, that macroscopically the appearances 
are easily confused with those of multiple adenomatous polypi, as the lesions are always 
multiple. The histological appearances are quite striking and confusion of the two conditions is 
impossible if biopsies are taken. 


INFLAMMATORY (PSEUDO-) POLYPI 


Any diffuse ulcerative inflammatory process of the large bowel may result in patchy ulceration 
of the mucosa with projection into the lumen of the bowel of irregular tags of inflamed mucous 
membrane. This results in an appearance which is easily confused with that of multiple adeno- 
matous polypi, which themselves are liable to ulceration, secondary infection and haemorrhage, 
following trauma and intermittent infarction in the faecal stream. Clinically, inflammatory 
polypi were found most frequently in ulcerative colitis, but similar appearances may be pro- 
duced by a wide range of conditions, including regional enteritis, bacillary and amoebic 
dysentery, diverticulitis, hyperplastic tuberculosis and bilharzia infection. 


ADENOMAS AND CANCER 


Most people regard isolated adenomas as premalignant lesions which should be removed. It is 
not possible to distinguish an adenoma of familial intestinal polyposis from an isolated adenoma 
because they appear to be identical, yet isolated adenomas are not always considered to be 
premalignant lesions. Spratt, Ackerman & Moyer (1958) made a detailed study of the incidence 
of large bowel cancers and adenomas occurring both singly and in association with each other. 
One of their conclusions was that the theory of the origin of adenocarcinomas within adeno- 
matous polypi had little to support it. This was based principally upon comparisons of the 
relative frequencies of polyps alone, cancers alone and cancers associated with polyps, at 
different sites in the large bowel. Spratt et al. (1958) correctly point out that the distributions 
of polypi and cancers within the large bowel are not the same, in spite of the frequent claims 
(accompanied by contradictory evidence, not adequately tested) that the distributions are 
‘similar’. However, Spratt ef al. (1958) do not make a further deduction which would easily 
explain the dissimilarity of the two distributions within the framework of a theory which 
assumes that all cancers arise within pre-existing adenomas. All that is required is that the 
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malignant potential of adenomas at different sites should not be equal. A probability model 
(constructed with variable probabilities given for the occurrence of adenomas at different sites 
and also for their subsequent malignant degeneration) provides frequency distributions for 
various types of lesions (cancer or polyps, either single or multiple, alone or in association with 
each other) which give all the results obtained by Spratt et al. (1958) when comparing such 
distributions, provided that the probability of a polyp undergoing a malignant change at site 
‘A’ is not equal to the probability of a similar change in a polyp at site ‘B’. This point seems 
to have escaped the attention of the authors. 

The records of the Registrar-General show that about 2% of all deaths in England and Wales 
are due to cancer of the large bowel. Ravdin & Ravdin (1951) quote the results of Swinton & 
Warren (1939) who classified 800 cancers of the colon and found that 14% were definitely 
malignant adenomas. Jackman & Mayo (1951) found associated polypi in 34% of patients with 
cancer of the large bowel; 14°% of these also showed a malignant change. The authors concluded 
that probably the majority of cancers developed from pre-existing adenomas. We will see later 
that the incidence in normal adults of rectal or colonic polypi is probably between 2 and 20%, 
and that the appearance of polypi may well be under genetic control. It appears that there are 
more than enough people of the appropriate genotype to account for the observed deaths from 
cancer of the large bowel even if every carcinoma was preceded by an adenoma. Unfortunately, 
we have, at present, no means of discovering whether some adenomas are more prone to malignant 
change than others. 

Cole & McKalen (1961) have examined the uptake of tritiated thymidine by the epithelial 
cells of the adenomas found in polyposis and also in the apparently normal epithelium between 
adenomas. It has always been supposed that the principal area of cell division in the intestinal 
epithelium was in the crypts of Lieberkuhn, and that adenomas started with an increase in the 
rate of cell division here, resulting in a protruding lesion which later might become pedunculated 
due to peristalsis and continued growth. The tritiated thymidine studies confirmed that, for the 
major part of the normal epithelium, mitotic activity was almost entirely confined to the base 
of the crypts. However, there existed small areas of histologically normal epithelium where 
mitotic activity was confined to the upper half of the crypts. In the adenomas themselves, it 
was found that the tritiated thymidine was in the superficial and peripheral parts of the tumour 
and that areas of cell division were not uniform. Very few labelled cells were found in the depths 
of the tumour. These findings suggest that adenomas have their beginnings, not in an increased 
rate of cell division in the deeper layers of the epithelium, but in an active shift in the site of 
cellular proliferation. It is probable that much new knowledge will be gained in this field over 
the next few years as these techniques are developed and extended. 

It is probably not possible to prove or to disprove a theory about the premalignant nature of 
adenomas, using present methods of investigation, but it is certain that a surgeon would be 
doing his patients a grave disservice if he failed to advise surgical treatment for polyposis. 


CYTOPLASMIC INCLUSIONS 
Leuchtenberger (1954) described certain inclusion bodies which she saw in the cytoplasm of the 


epithelial cells of human rectal polypi. The inclusion bodies stained with Feulgen reagent and 
were therefore considered to be composed of desoxyribonucleic acid (DNA). This substance is 
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only rarely observed in the cytoplasm of cells, as it is usually confined to the nucleus; the 
occurrence of DNA in the cytoplasm of the epithelial cells is therefore of exceptional interest. 
The possibility that the inclusion bodies represented nuclear debris from other epithelial cells, 
or degenerating leucocytes, or bacteria, was rejected by Leuchtenberger (1954) in favour of the 
hypothesis that they were viral in origin. 

Leuchtenberger, Leuchtenberger & Liebe (1956) and Leuchtenberger (1956) confirmed that 
the inclusion bodies were present in all polypoid tumours of the rectum, including those of 
familial intestinal polyposis. The inclusions are also seen in the cells of rectal cancer. Helwig 
(1958, 1959) found inclusion bodies in the cells of approximately 60 % of patients with ulcerative 
colitis, in both the early (acute) and late (chronic) stages of the illness, and speculated as to the 
possible relationship of the inclusion bodies to the subsequent development of cancer in these 
patients. 

Mueller, Menefee & Ivler (1960) studied cancers of the colon and rectum, in both their primary 
and secondary sites, by means of electron microscopy. They were able to classify cytoplasmic 
inclusions, thought to be DNA, into three kinds. The ‘D’ particle, which was the largest, was 
thought to represent degenerate cytoplasma or nucleoplasm. The ‘V’ particle was smaller and 
appeared to be surrounded by a membrane. The authors thought that these particles represented 
viruses. Finally, they found small dense granules about the same size as the cores of the ‘V’ 
particles. ‘V’ particles were found in all cancers of the colon and rectum that were examined. 

Leuchtenberger & Leuchtenberger (1961) have shown further evidence in favour of the viral 
interpretation of the inclusion bodies, and their possible relationship to the incidence of cancer. 
Cell-free extracts of the epithelium of polypi, when injected into cultures of human amnion or 
kidney cells, produce disorders of cell division which are apparent as an increased incidence of 
haploid and polyploid cells in the culture. Similar extracts from normal epithelium do not do 
this. Not all workers, however, have been agreed that the presence of inclusion bodies is an 
exceptional finding. Monis & Mendeloff (1961) report that inclusion bodies can be found in 
normal colonic and rectal epithelium. The authors also point out that, although inclusion bodies 
are found in 66% of cases with ulcerative colitis, the incidence of carcinoma in this condition is 
only of the order of 3-6 4. This does not seem to support the suggested relationship of ulcerative 
colitis, intestinal polyps and carcinoma on the basis of the presence of inclusion bodies in all 
three conditions. Monis & Mendeloff (1961) conclude that the inclusion bodies are the result of 
degenerating cell processes and the migration of leucocytes through the intestinal epithelium. 
Recently, further confirmation of the views of Monis & Mendeloff (1961) has been obtained by 
Fisher & Sharkey (1962). Using ultrathin sections and electron microscopy, these workers were 
able to show that the ‘inclusion’ bodies nearly always lay outside the cells between the cell 
membranes. They were also able to show that the internal structure of the particles was not 
similar to the internal structure of any of the known viruses. Fisher & Sharkey (1962) also 
concluded that the particles were cell nuclei, probably from leucocytes, in various stages of 
degeneration. 


II. CLINICAL ASPECTS 


TREATMENT 


Since even a single symptomless adenoma of the large bowel mucosa is believed to be pre- 
cancerous, and is correctly treated by removal, it is clear that removal of the polypi is also 
necessary in polyposis if the risk of cancer is to be avoided. The polypi in polyposis are so 
numerous, and those in the upper part of the colon relatively inaccessible, that individual 
removal of them is not practicable. Some major surgical procedure is required. 

Complete protection from cancer of the large bowel is obtained by removal of the whole 
tumour-bearing surface: procto-colectomy. This operation necessitates an ileostomy: a per- 
manent opening of the small bowel upon the abdominal wall. This is commonly regarded by the 
patient and the surgeon as aesthetically undesirable, so that at present a compromise operation 
is usually advised. This operation leaves the patient’s bowel opening in the usual place but still 
provides a high degree of protection against cancer. The compromise operation consists of 
removal of all the large bowel except the rectum (colectomy), followed by joining the small 
bowel to the rectal stump (ileo-rectal anastomosis or IRA). Provided that the patient then 
attends regularly for removal of rectal polypi, either by biopsy excision or diathermy fulgura- 
tion, a high degree of protection against the risk of cancer of the rectum is obtained. If, in spite 
of these measures, cancer of the rectum should intervene, treatment by radical surgery of the 
rectum is still possible, although it is technically more difficult owing to the previous IRA. 

The introduction of ileo-rectal anastomosis has incidentally yielded an unexpected dividend. 
Hubbard (1957), Cole & Holden (1959) and Dunphy, Patterson & Legg (1959) reported that 
there appeared to be regression of the polypi left in the rectum in the months following colectomy 
for polyposis. Cole, McKalen & Powell (1961) have provided convincing further evidence of this 
effect in their study of a patient with polyposis in whom the colon was defunctionalized by 
anastomosing the ileum to the rectum. Colectomy was performed 10 months later when it was 
found that the polypi of the colon appeared to be unchanged, whereas those in the rectum had 
largely disappeared. A further significant finding in a retrospective study of patients with 
polyposis treated by ileo-rectal anastomosis has been made by Cole (1962). In a series of patients 
in whom rectal polypi had not appeared or had actually disappeared following colectomy, ten 
out of eleven were women. The significance of this is unexplained. 

The investigation and treatment of the affected relatives of a patient with polyposis is a 
responsibility that rests initially upon the person who makes the original diagnosis. Such family 
attention is not easy, since a complete investigation of all available relatives likely to be 
suffering from polyposis does not, if negative, relieve the investigator from having to repeat 
the investigation at a later date. This is due to the great variability in age of onset. Writers, such 
as Pfeiffer & Paterson (1945), erroneously divide polyposis into two classes: adolescent (or 
congenital) and adult (or acquired). Polyposis is not congenital as the polypi have never been 
observed at birth. Pfeiffer & Paterson (1945) themselves quote 2 years as the earliest detected 
age of onset (McKenney, 1936). LeFevre & Jacques (1951) claim to have found the condition 
in a baby aged 4 months. We shall see later that there is considerable variation in the age at 
which polypi appear and that there is one verified case in which they did not appear until after 
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the age of 39. Veale (1960) has drawn attention to the fact that three persons carrying the poly- 
posis gene have lived to the ages of 68, 69, and 71, and that it was only in the last of these that 
the patient died of cancer and was found to have polyposis at post-mortem. In view of the short 
time which usually elapses between the appearance of polypi and the beginning of a cancerous 
growth, these three persons may not have developed their polypi until quite late in life, unless, 
for some reason, a malignancy was exceptionally delayed. These factors make the management 
of a polyposis family difficult and some compromise must be made which is practical, yet 
efficient, and ethically acceptable. Brasher (1954) and Dukes (1958) discuss the clinical problems 
of family care. There is probably no substitute for a careful sigmoidoscopic examination of the 
adequately prepared patient, and, in view of the known tendency for polypi to be found in the 
rectum before they appear elsewhere, probably no other diagnostic procedure is necessary until 
such time as polypi are first seen. 

There remains the question of the age when it becomes necessary to make the first examina- 
tion, the frequency of repetition and for how long. Dukes (1958) discusses the whole question 
of family care and concludes that children at risk should be invited to submit to their first 
examination when aged 13 or 14. The occurrence of bowel symptoms is an indication for 
sigmoidoscopy whatever the age of the child. If the first examination is negative, the parents 
(one of whom is affected) are instructed to bring the child back if there are any bowel symptoms. 
A second routine examination is recommended at the age of 20. If this is negative, the patient 
is advised to come again at the ages of 25 and 30. If these findings are both negative it is con- 
cluded that the risk is very small. 


MATERIAL STUDIED 


In addition to the material at St Mark’s Hospital, London, the data recorded by Reed & Neel 
(1955) and Schutte (1958) are included in the analyses. 

The St Mark’s families are numbered consecutively up to 82. Every new case of polyposis is 
asked to give a family history and, provided no link is found with any of the known polyposis 
families, a new family number is allotted. Prior to my own examination of these records, five 
families had been removed, because the propositi were thought to be not, in fact, suffering from 
polyposis. In addition, I have excluded family no. 76 from the analysis, though it is certain that 
this family does suffer from polyposis, because information about this scattered family is 
fragmentary, and the fate of many relatives is not known. As a result of these exclusions, the 
number of families available for study total seventy-six, though the family numbers go up to 
eighty-two. 

The twenty-three families collected by Reed & Neel (1955) were located by search of hospital 
records, correspondence with physicians specializing in gastro-enterology and follow-up of 
death certificates of people dying at ages less than 40, from cancer of the colon and rectum. No 
persons with polyposis associated with other lesions were detected, so that the combination of 
these data with those from St Mark’s allows an estimate of the relative frequencies of polyposis 
alone and polyposis associated with other lesions, as well as the incidence of isolated cases. The 
results are shown in Table 2 where it can be seen that the two series are in close agreement. The 
ratio of polyposis families to families with polyposis plus cysts is 12-2:1, and the incidence of 
isolated cases of polyposis among families in which one or more cases were found is 33:94 = 35%. 
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Reed & Neel (1955) allotted their families numbers between 809 and 4103, and their system is 
retained. The three families described by Schutte (1958) are numbered $1, S2 and 83. The 
various family trees are to be found in Appendix 1. 

The scheme for showing the status of members is given at the beginning of the appendix. 
It will be seen that patients with polyposis fall into three groups: 

(1) Propositi: these are indicated with an arrow and are proved cases of polyposis. 

(2) Proved cases of polyposis other than propositi. 

(3) Deduced cases of polyposis. 


TABLE 2. Classification of polyposis families 


Reed & Neel Schutte 
St Mark’s (1955) (1958) Total 


A Classical polyposis 47 14 3 64 
B Polyposis plus cysts 5 ° ° 5 
C Isolated cases 24 9 ° 33 

Total 76 23 a 102 


The pedigrees were initially drawn to show only proved cases of polyposis and the status of 
every member regarding cancer of the colon and rectum. Where a definite history of death from 
cancer of the colon or rectum has been given, the diagnosis of cancer has been taken as definite, 
in view of the specified site of the cancer. Where the history is less definite and causes of death 
have been recorded as bowel cancer, intestinal cancer, bowel trouble, cancer of the liver, and 
cancer, the appropriate symbol has been entered to indicate this lack of certainty. All the 
individuals known to have died of cancer of the rectum and/or colon, or to have died from one 
of the less specific causes, fall into the class ‘deduced cases of polyposis’. Thus one is able to see 
the various cases of polyposis clearly and the evidence from which the diagnosis has been made. 

Two further conventions have been used to simplify drawing the pedigrees. The first is that 
no child under the age of 15 is included in any sibship unless a child in this age group is already 
known to have polyposis. In this event the whole sibship is included irrespective of the ages 
of the remaining sibs. The second simplification is that no children of unaffected members of the 
families are included. This information is available at St Mark’s but is not so reliable, or as up 
to date, as that concerning the affected branches of the families. 

Where possible the cause of death of deceased relatives has been ascertained but there remains 
a number of cases where the exact cause of death has not been verified, although the available 
evidence suggests (or is not inconsistent with) cancer of the colon or rectum. The inclusion of 
these cases as genuine deaths from cancer of the large bowel may well have introduced a source 
of error, but it is felt that this is likely to have been considerably less serious than the errors 
that might have been introduced by their omission. Furthermore, it has been found that the 
existence of the polyposis gene can always be deduced in a first degree relative of such cases, 
from the genuine cases of polyposis in the family. 

In referring to an individual a triad of numbers is used, with the first and last in Arabic 
symbols and the central number in Roman symbols. Thus the no. 4, III. 2 refers to individual 
no. 2 in the third generation of family no. 4. 
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ASSOCIATED TUMOURS 


In five families of the St Mark’s series, sebaceous cysts were found; they were nos. 4, 46, 57, 63 
and 64. The cysts were not as numerous and as large in all the examined members of these 
families as were those found in the classical descriptions of the disease. In one patient (4, III. 23) 
there was only one cyst found on the forehead, even though her father, who had polyposis, had 
been reported as having many cysts. Her brother (4, III. 25) has multiple cysts and polyposis. 
These five families are excluded from the majority of the analyses as a different gene probably 
causes this syndrome and may even operate from a different locus from the gene which produces 
classical polyposis without any associated lesions. 

Among affected members of these five families there was also found a lipoma (46, IT. 5) and 
a malignant melanoma of the eye (57, I. 4) in addition to polyposis and multiple sebaceous cysts. 
In the remaining seventy-one families from St Mark’s, evidence has been recorded of additional 
neoplastic activity found in seventeen persons suffering from polyposis (Table 3). These findings 
suggest that, even in those families in which there is no constant associated lesion occurring with 
polyposis, there may well be some kind of increased cell response in tissues other than the colon. 

An interesting finding here is the occurrence of a death due to a medulloblastoma. This is the 
third time that a brain tumour has been the cause of death in a patient with polyposis. The other 
two cases were sibs and were described by Turcot et al. (1959). A less definite indication of 
a possibly increased liability to a cerebral tumour in patients with polyposis is provided by 
the parent of an apparently isolated case (78, II. 1). This man (78, I. 1) died at the age of 34 
from a brain tumour. His death occurred in Norway and no further details are available. 


TABLE 3. Affected persons, from the classical polyposis families, who showed 
additional neoplastic activity 


Individual Remarks 
2a 2 Fibroma of uterus 

10, III. 10 Sebaceous cyst of forehead and two osteomata of frontal bone 
sete OTE Carcinoma of uterus 

vires Ol lee Osteomata of frontal bones and ? desmoid in rectus muscles 
Bowel Fibromyoma in abdominal scar 

23 ules Desmoid of abdominal wall 

Bop liar Desmoid in perineal scar 

38, III. 4 Lymphangioma in mesentery 

44, II. 3 Chronic lymphatic leukaemia 

Gey, MM A Hepatoma found at post-mortem 

54, LLL Medulloblastoma of cerebellum 

56, IL. '2 Sebaceous cysts on head, lipoma on leg 

56, LL. Pyloric stenosis, mass in old scar 

59, LV. 4 Keloids in abdominal scars 

65, II. 1 Sebaceous cyst in left loin 

66, IT. 5 Thyroid adenoma, two desmoids in abdominal wall 

69, II. 1 Multiple subcutaneous lipomata on back 


APPEARANCE OF POLYPI 
In order to obtain satisfactory information about the time of onset, a person must have been 
examined at some time and found to be unaffected. Subsequent examinations would then 
enable the appearance of polypi to be determined with an accuracy dependent on the frequency 
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with which examinations have been made. Lockhart-Mummery (1934) reported a man who was 
polyp-free, aged 39, but, 4 years later, was found to have myriads of tiny polyps. Gardner (1955) 
described a boy aged 13 who was examined and found to be free of polypi. Six months later 
there was one adenoma in the rectum, and another was found after a further 6 months. More 


polypi developed over the next 4 years and a colectomy was performed when he was 18 years 
old. 
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Fig. 1. Frequency distributions. (a) Age at onset of symptoms in 69 propositi. Mean = 31-7 years. (b) Age 
at diagnosis of cancer in propositi and proved cases of polyposis. Mean = 38-8 years. (c) Age at death in 
159 presumed cases of polyposis. Mean = 42:5 years. The antimodes (indicated by the arrows) occur at 
intervals of 10 years. (b) differs significantly from a normal distribution with the same mean and variance. 


Such information is available for so few patients in the present series, that no statistics will 
be given. The youngest case with polyposis was diagnosed at the age of 4 years, while another 
was diagnosed at 8 and had an IRA at the age of 9. In those patients diagnosed under 15, the 
polypi tended to be few, and in those diagnosed later, they were more numerous. 

It appears, then, that the commonest age of onset is 15-25 years and that, in some cases, the 
appearance of polypi may be delayed for a long time. 
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ONSET OF SYMPTOMS 


Information about the age of onset of symptoms is available for all propositi except six. Case 
1824, III. 1 is stated not to have had symptoms but we do not know how she came to be 
diagnosed. Case 14, IV. 30, previously without symptoms, was noticed during parturition when 
a small amount of blood was forced out of the rectum. A subsequent sigmoidoscopy revealed 
polyposis. In the others the age of onset of symptoms has not been recorded. 

Nineteen out of forty male propositi and nineteen out of twenty-nine female propositae gave 
histories of symptoms preceding diagnosis by a year or more. Symptoms preceded diagnosis 
by 2 years in males and 2-6 years in females. The mean age of onset of symptoms was 32-7 in 
males and 28-2 in females. Among the proved cases of polyposis (apart from propositi) there 
were thirty-one males and twenty-one females giving a history of symptoms at the time of 
diagnosis with mean ages of 28-3 and 29-0 years, respectively. None of these differences between 
the sexes reaches the conventional level of significance, but the fact that males seem to be less 
severely affected may be due to the fact that natural selection tends to favour males on account 
of their longer reproductive period. We could thus expect them to be affected a little later than 
females. 

TABLE 4. Age distribution 
Column A. Age at onset of symptoms in 69 propositi. 
B. Age at diagnosis of cancer in 103 propositi and proved cases. 


C. Age at death in 159 deduced cases. 
Males and females combined. 


Age A B C 
7°-74 . 2 I 
65-69 ae 2 4 
60-64 : I 5 
55-59 . 3 U 
50-54 3 7 24 
45-49 6 14 21 
40-44 6 17 32 
35-39 Io II 24 
30-34 16 25 21 
25-29 6 10 13 
20-24 13 8 5 
15-19 6 2 I 
10-14 2 I & 

5-9 I I 

0-4 oe a 
Total 69 103 159 
Means aI°7 38°8 42°5 
S.D. II‘o 11'8 rrr 


The various ages at which both male and female propositi developed symptoms are displayed 
in Table 4 and Fig. 1a. The most notable feature of this histogram is the bimodality with the 
antimode in the age range 25-29 years. Although this distribution does not differ significantly 
from a Gaussian curve with the same mean and variance, and Haldane’s (1952) test for bimodality 
is only on the borderline of significance, this same tendency towards bimodality is seen in other 
age parameters connected with polyposis and involving different groups of patients. A possible 
explanation of this will be made later. 
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The classical polyposis families include (apart from propositi) 147 cases of medically verified 
polyposis (the proved cases). Out of sixty-seven males and fifty-two females, for whom the 
information is available, symptoms were present at the time of diagnosis in thirty-one and 
twenty-one cases, respectively. These numbers correspond to 46 and 40% (pooled = 44%). 
The mean age of onset of symptoms is 28-6 years, which is 1-8 years earlier than the mean age 
of onset of symptoms in the propositi. 


DIAGNOSIS OF POLYPOSIS 


It is only in propositi that the age at diagnosis represents anything associated with a funda- 
mental action of the polyposis gene. We may assume that the age at diagnosis is the point when 
the symptoms from polyposis have reached such a degree of severity that medical advice is 
sought. Unfortunately this may not correspond with a diagnosis of polyposis, as the condition 
may be misdiagnosed and treatment given for some other complaint for a variable period before 
a correct diagnosis is made. In the sixty-one classical polyposis families, there were seventy-five 
propositi; the five ‘cyst’ families had six propositi, and the thirty-three isolated cases were 
necessarily ascertained through themselves alone. The mean ages at diagnosis, in both males and 
females, are shown in Table 5, which includes 119 proved cases of polyposis as well as the pro- 
positi. In view of the unsatisfactory nature of the age at diagnosis of polyposis, no detailed 
comparison will be made of the mean ages between the sexes. 


TABLE 5. Mean age at diagnosis of polyposis with s.8. for different classes of 


polyposis patients 
N Mean S.E. 
A ‘Classical’ propositi Males 40 346 1°57 
Females 29 30°8 2°02 
Males and females 69 33°0 1°26 
A Proved cases with Males 31 311 2°81 
symptoms Females 21 338 2°80 
Males and females 52 3252 2°01 
A Proved cases without Males 36 24°3 I°gI 
symptoms Females 31 ZEN 1:98 
Males and females 67 2a4 ea 
B ‘Cyst’ Males 2 39°5 9°50 
propositi Females 4 34°3 2°95 
Males and females 6 36-0 3°28 
Cc Isolated cases Males 23 29°8 2°05 
Females 10 2365 1°89 
Males and females 33 27°9 1°61 


The most conspicuous feature of this table is the diagnosis at an earlier age in the isolated 
cases of polyposis. Such an effect is to be expected if these are predominantly the result of fresh 
mutations. Within families in which the polyposis gene is being freely inherited, the survival of 
the gene within the family will depend on environmental and other genetic factors. Affected 
members of such families, surviving to reproduce, do so by virtue of being endowed with a 
genetic background and/or environment which so modify and delay the lethal effects of the 
polyposis gene that they are able to pass any constellation of favourable genes on to the next 
generation. Thus we may expect the effects of the polyposis gene to become relatively less 
harmful with its passage from one generation to the next. In the absence of this gene there is 
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thus no selection in favour of genes which modify its action. We cannot expect to observe or 
measure this with any degree of precision in a human pedigree where, at best, we can only have 
reliable and detailed information for about four generations, but we can expect that, if a fresh 
mutation was to occur upon a genetic background that had had no previous experience of the 
polyposis gene, its effect would be more marked than where it had previously existed in several 
generations. It is thus noteworthy that the age at diagnosis is 4-8 years earlier in the male 
isolated cases than it is in the propositi of families, and 7-3 years earlier in the female isolated 
cases. The onset of symptoms is also at a correspondingly earlier age in the isolated cases. These 
findings can be taken as evidence in favour of isolated cases being the result of fresh mutation 
rather than a phenocopy of polyposis. 

Among the classical polyposis propositi, 23 (55°) males and 17 (52 °%) females were found to 
have cancer, either at the time of diagnosis or within a period of 2 years. The results for the two 
sexes combined are: 

Onset of symptoms, 30-8 years. 

Age at diagnosis, 33-0 years. 

Proportion with cancer, 53 %. 

The propositi in the ‘cyst’ families do not appear to be conspicuously different from the 
classical polyposis propositi, but no comparisons will be made because of their small number. 


IMPORTANCE OF SYMPTOMS 


There is no essential difference between the sexes in the occurrence of symptoms among the 
proved cases, but it is instructive to consider the relationship of the presence of symptoms to 
the occurrence of carcinoma at the time of diagnosis or within a period of 2 years. This period is 
allowed in order not to omit those cases which came to operation within 2 years of diagnosis 
and are found to have one or more carcinomata: it can be reasonably assumed that these were 
present at the time of diagnosis of polyposis. Information about the presence of symptoms and 
the occurrence of carcinoma is available for 118 proved cases of polyposis and the 2 x 2 classifica- 
tion seen in Table 6 shows the obvious difference in the incidence of cancer in the group without 
symptoms and the group with symptoms. This difference is highly significant (P < 0-001). 


TABLE 6. Proved cases of polyposis of showing incidence of cancer in relation to the 
presence or absence of symptoms at the time of diagnosis of polyposis 


Cancer at No cancer 
diagnosis or within 2 years 
within 2 years of diagnosis Total 
Propositi 38 31 69 
Other proved cases 22 29 51 
No symptoms 4 63 67 
Total 64 123 187 


It should be emphasized that all these patients were diagnosed during the course of family 
investigations and not because they had sought medical advice. In spite of this the average age 
at diagnosis of the proved cases with symptoms is less than 1 year younger than the age at 
diagnosis of propositi (Table 4) and the incidence of cancer in propositi at the time of diagnosis 
(55%) is not significantly different from the incidence of cancer in the proved cases with 
symptoms (43%). Pooling the results obtained for all the propositi and proved cases with 
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TABLE 7. Age at diagnosis for those polyposis patients with symptoms. The figure 
in brackets is the mean duration of symptoms prior to diagnosis 


Cancer within 


2 years No cancer Total 
Propositi 37:0 (2:0) 28:2 (3:2) 33°0 (2'5) 
N = 38 Nees ir N = 69 
Proved cases 37°7 (4:2) 27°6 (2°6) 31°9 (3°3) 
N = 22 Ni¢= 29 N=s51 
Total 37°2 (2°8) 27°9 (2°9) 32°6 (2°8) 
N = 60 N = 60 iNest 20 


symptoms, we find that exactly 50% of the 120 cases had cancer at the time of diagnosis or 
within a period of two years. This figure, when compared with four cases of cancer out of 
sixty-seven proved cases of polyposis without symptoms (6%), is an ample warning of the 
significance of the occurrence of symptoms in planning the course of treatment for an affected 
person. 

A more detailed analysis of the propositi, and proved cases with symptoms, shows that the 
division into those with cancer and those without is also a division into older and younger age 
groups. The degree of overlap of the two age distributions is considerable and the possibility 
of a carcinoma cannot be excluded just because a patient is young, even though the probability 
is somewhat diminished. Although the age at diagnosis may not be of any great genetic signi- 
ficance, it is of some practical importance, because it is at this time that a decision will be made 
about the advisability of surgical treatment. There is no doubt that a decision to delay surgery 
just because the symptoms are mild or of short duration, or because the patient is young and the 
polypi relatively few, will, in a proportion of cases, have tragic results. In the writer’s opinion 
the surgical treatment of polyposis in a patient with symptoms over the age of 15 is a matter of 
urgency, and the occasional patients who survive for many years without treatment are more 
than counterbalanced by the tragedy of a metastasising carcinoma occurring in a young adult. 
Table 7 gives the mean age at diagnosis for all the proved cases of polyposis with symptoms. 
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Fig. 2. Relative incidence of cancer present at the time of polyposis diagnosis or less than 2 years later for 
120 cases of polyposis with symptoms at the time of diagnosis. See Appendix 3 (a). 
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The average duration of symptoms which is also given shows that this is not of any help in 
deciding whether there is a malignancy present or not. 

In spite of the marked difference in average age between the cancer and non-cancer polyposis 
patients with symptoms, the amount of overlap of the distributions is very marked. Neverthe- 
less, there is a striking tendency for the incidence of carcinoma to increase as the age at diagnosis 
increases. This is demonstrated by Fig. 2. It must be remembered, however, that this graph 
relates only to the incidence of carcinoma at the time of diagnosis or within a period of 2 years 
in those patients with symptoms. It is the writer’s opinion that all patients with polyposis will 
inevitably develop cancer if they are left untreated, but a proportion of cases may survive for 
many years so that the likelihood of their dying from some other cause is increased. 


OCCURRENCE OF CANCER 


Forty-one propositi were found to have cancer at the time of diagnosis of polyposis or within 
a period of 2 years. This includes one case (6, II. 11) in whom the diagnosis of polyposis and 
cancer was made at post-mortem. A further ten cases developed cancer after periods of more 
than 2 years from diagnosis, and twenty-four cases have, so far, not developed cancer at all. 
However, ten of these twenty-four cases have already had an ileo-rectal anastomosis which was 
performed within 2 years of diagnosis. One further patient had a complete procto-colectomy, 
and four patients died as a result of surgery. There remain nine patients in this group, but for 
four of these no information about treatment is available. One of the remainder died of pneu- 
monia within a year of the diagnosis of polyposis; one has not been traced since 4 years after 
diagnosis, and three patients had ileo-rectal anastomoses performed after 3, 4 and 9 years, 
respectively. It is thus clear that it is impossible to decide from the propositi whether there 
exists a group of patients in whom the risk of cancer is diminished or absent, since the majority 
of patients either have cancer at the time of diagnosis or are protected by surgery within a short 
time. 

In ten patients who developed cancer after invervals of more than 2 years there were three in 
whom ileo-rectal anastomoses were performed at the ages of 22, 26 and 31; cancer developing 
in the retained rectal stump at the ages of 45, 32 and 52, respectively. In the remaining seven 
patients who were not treated, cancer developed after an average interval of 10-4 years following 
diagnosis of polyposis. 

Among the proved cases of polyposis there have been fifty-two cases in which the diagnosis of 
cancer has been made. The average age at diagnosis of cancer in this group is the same for the 
two sexes and not significantly different from the mean age at diagnosis of cancer in the pro- 
positi where, again, the means for the sexes are the same. The pooled estimate of the age at 
diagnosis of cancer in 103 cases of polyposis is 38-8 years and the distribution of the ages is 
shown in Table 4 and Fig. 1b. Forty-seven of the patients appearing in Fig. 1b also appear in 
Fig. 1a, but even though this is less than half the entries in Fig. 1b we find that the bimodality 
previously noted has been preserved and Haldane’s (1952) test is again on the border line of 
significance. The frequency distribution of age at diagnosis from cancer differs significantly 
(0:05 > P > 0-02) from the Gaussian curve with the same mean and variance. The deviations 
from normality of Fig. 1a (age of onset of symptoms in propositi) do not reach the conventional 
level of significance, but would do so if the same distribution was preserved in a total of about 
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100 propositi. It is my belief that this bimodality is a real phenomenon which is indicative of 
an underlying genetic heterogeneity in persons with polyposis. This point will be elaborated and 
further evidence presented in a later section. 

Finally, we may consider here, Fig. ic, which plots the frequency distribution of the very 
heterogeneous group which we have called ‘deduced cases of polyposis’ (see Table 4). The only 
information available for these patients is their age at death from presumed cancer of the bowel 
superimposed on polyposis. Again we can observe a small antimode which in the absence of the 
previous observations would be unlikely to arouse any comment. However, it is especially 
significant that the patients in Fig. 1c are a completely new group and that the antimodes in 
the three parts of Fig. 1 are separated by two equal intervals of 10 years. All of this is completely 
understandable, and to be expected, if patients, with polyposis, consisted of two overlapping 


groups with the development of polypi and cancer occurring at an average younger age in one 
of them. 


III. GENETICAL ANALYSIS 


SEX RATIO 


The present data consist of 441 persons with definite or presumed polyposis divided into four 
classes. These are shown in Table 8 in which there appears to be an excess of affected males. 

The totals for the two sexes show a highly significant deviation from the hypothesis that the 
sexes are equally affected, even though the only individual class showing a significant deviation 
is in the isolated cases. It is the writer’s belief that isolated cases of polyposis are the result of 
fresh mutation and that they should be thus regarded until such time as the existence of a 
phenocopy can be proved. They can be removed from the table without altering the fact that 
there are more affected males than females. It is apparent that all classes of patient are in 
agreement in showing this excess and this can be conveniently demonstrated by an analysis of 
‘chi-square’. The significance of the deviation from a 1:1 ratio appears in Table 9 and is retained 
even if the analysis is confined to propositi and proved cases of polyposis (Table 10). 


TABLE 8. Males and females with polyposis 


Males Females Total 


A Propositi 42 33 75 
B Proved cases 84. 63 147 
Presumed cases 101 85 186 

C Tsolated cases 23 10 33 
Total 250 IQI 441 


TABLE 9. Analysis of y? for sex ratio of all persons with polyposis assuming that 
the sexes are equally likely to be affected 


Degrees of 
freedom x2 Probability 
Deviation from 1:1 ratio I 7°89 oor > P > o-oo1 
Heterogeneity 3 2°79 O50! > 10740 
Total 4 10°68 O'O5f>Er  >"0.02 


TABLE 10. Analysis of x? for sex ratio of propositi and proved cases assuming that 
the sexes are equally likely to be affected 


Degrees of 
freedom x? Probability 
Deviation from 1:1 ratio I 4°05 0:05 | >tPs=10:02 
Heterogeneity I 0'03 o'90 > P > 0°80 
Total 2 4:08 0:20) > f= 0-10 


It used to be thought that males were more likely to develop polyposis than females and Dukes 
(1930) comments on this. We might have evidence in support of this old belief, but the apparent 
excess of affected males is probably due to the sexes being unequally represented in the data. 
Table 11 shows a classification of all the classical polyposis families in which all persons who 
could have developed polyposis or did develop it are classified with respect to the sex of their 
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affected parent. The actual proportion of males is 54-26 % (S.E. 1:8%) which is significantly 
higher than 50 % (0:02 > P > 0-01). It is difficult to explain this excess of males but it may be 
due to a tendency for patients to have a more complete knowledge of their ancestry in the male 
line, so that families in which polyposis has recently been confined to male ancestors tend to be 
over represented. An analysis of the data of Table 8, with the expectation that 0-5426 males 
should be affected and 0-4574 females, shows that the apparent excess of affected males is merely 
a reflection of this excess. We can then conclude that there is no evidence to suggest that males 
are more prone to polyposis than females. 


TABLE 11. Classification of all persons with affected parents in classical polyposis 


Affected Affected Normal Normal 


sons daughters sons daughters Total 
Father with polyposis 99 78 104 QI 372 
Mother with polyposis 72 59 ps 67 269 
Total 171 137 175 158 641 


TABLE 12. Sex of affected parent and grandparent for propositi 
Grandfather Grandmother Grandparents 


affected affected unknown Total 
Affected father II 2 18 31 
Affected mother 9 2 24 35 
Total 20 4 42 66 


An excess of affected males has been noted in other genetic disorders and Bell (1934) found 
this tendency in Huntington’s Chorea further accentuated by a tendency for affected fathers to 
have an excess of affected sons which was not counterbalanced by a slight tendency for affected 
mothers to have an excess of affected daughters. An analysis of the appropriate rows and 
columns of Table 11 shows that there is no such tendency in polyposis so that reports of certain 
families like that of Farley, Wexler, Farabaugh & Stander (1960) in which polyposis was limited 
to females for three generations are probably of no genetic significance. 

Further evidence showing an over representation of males in the present data is given by 
Table 12 which records the sex of the affected parent and grandparent of the seventy-five 
propositi in which a family history of polyposis was obtained. 

The most striking feature of this table is the marked excess of affected grandfathers over 
grandmothers, together with the near equality of the sexes in affected parents. It is clear that 
there is considerable bias present which is probably present in other collections of pedigrees. 


FREQUENCY OF POLYPOSIS 


The frequency of polyposis is difficult to determine accurately. Neel (1954) used the following, 
indirect, method to determine its frequency in the State of Michigan. Over a 3-year period there 
were 103 deaths from cancer of the colon or rectum in patients aged less than 40. Three of these 
patients had polyposis, so that, on the average, there was one death a year of a person with 
polyposis aged less than 40. Since 40 is the mean age at death for patients with polyposis, it was 
assumed that there were two deaths a year from polyposis. Since the total deaths in one year 
were 58,000, Neel concluded that the incidence of the condition was 1 in 29,000. This method is 
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open to several criticisms and assumes that the population is in equilibrium and that all deaths 
from polyposis are due to cancer. But, it at least provided the first indirect estimate of the 
frequency of the condition. 

Reed & Neel (1955) applied what is basically the same method as Neel’s (1954), but they used 
a larger time interval and made a more elaborate investigation of the deaths due to cancer of the 
colon or rectum in persons aged less than 40, in order to minimize the chances of missing some- 
one who had died with polyposis. Their revised estimate was 1 in 8300 which the authors felt 
might well be an underestimate. 

Scarborough & Klein (1948), in a series of 10,000 patients, found 458 with ‘benign’ polypoid 
disease of the colon and rectum. In 64 % of these the polyps were single, in 31 % they numbered 
from two to nineteen. The remaining 5 % (23 cases) had twenty or more polyps and were classified 
as polyposis. This gives an incidence of 1 in 435 which is certainly a gross overestimate of the 
frequency of the condition. The major source of error is certainly due to the inclusion of patients 
not suffering from familial intestinal polyposis, but from a condition which, for want of a better 
term, we might call ‘multiple polyps’. This point will be discussed in greater detail in a later 
section. 

Lawrence (1936), in a series of 7000 autopsies in which he investigated gastro-intestinal polyps, 
found colonic or rectal polyps in 166 (2:37 %) cases. In six of these there was an associated 
malignancy, but in no case were the lesions suggestive of familial intestinal polyposis. This 
finding is nearer to Reed & Neel’s (1955) estimate than that of Scarborough & Klein (1948). 

Reed & Neel (1955) defined the following symbols: 

a = the observed proportion of individuals, among those dying before the age of 40 from 
primary cancer of the large bowel, whose cancer is secondary to polyposis; 

b = the observed number of individuals dying before age 40 (in some specified interval 7’) from 
primary cancer of the large bowel; 

c = the observed proportion of individuals, among those dying from cancer of the large 
bowel secondary to polyposis, who die before the age of 40; 

D = the total number of deaths of all individuals in the time interval 7’. 

The frequency of persons with the polyposis gene is then given by f = ab/cD. 

This expression assumes that all individuals with the polyposis gene die from cancer of the 
large bowel. 

In examining the statistics at St Mark’s Hospital, it was immediately apparent that there was 
considerable selection of the cases treated there. The relative proportions of cancer of the colon 
to cancer of the rectum were different from those given by the Registrar-General. Over a 30-year 
period at St Mark’s, the ratio of cancer of the colon to cancer of the rectum was 1:6-6 whereas, 
in the total population, deaths occur in the proportion 8:5. This difference will probably be found 
in any large hospital which provides specialist services for anorectal and colonic surgery. The 
difference is probably due to selection resulting from the method of presentation of cases with 
cancer at different sites. Cancer of the colon frequently presents as a surgical emergency (an 
acute obstruction) and is treated in the nearest hospital. Cancer of the rectum is more often 
diagnosed in the quiet of a doctor’s surgery so that the patient is sent to some centre specializing 
in this condition. 

Whatever the causes of this selection, it is clear that an estimate of a from the St Mark’s 
data implies (in the final compounding with b, c and D to give the frequency of polyposis), so 
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that the proportion of colon and rectum cases in the hospital is the same as in the general 
population. Since this is not so, we must redefine these quantities substituting the words 
‘cancer of the rectum’ for ‘cancer of the bowel’. 


Estimation of a 


Over a 30-year period at St Mark’s Hospital, there were 142 deaths from cancer of the rectum 
in patients aged less than 40, without polyposis. In addition, there were twelve deaths from 
cancer of the rectum which occurred in patients under forty with polyposis. None of these 
patients were related to each other, but two were sent to St Mark’s because they were known 
to have polyposis: these two patients have been excluded. There remain ten deaths from cancer 
of the rectum and polyposis, out of a total of 152 deaths under 40. This gives an estimate of 


a = 10/152 = 0:0658 (s.x. 0-02). 


Estimation of b and D 
In England and Wales (Registrar-General, 1959) 
b = 96, D = 527,651. 


Estimation of ¢ 


For propositi, proved cases of polyposis and isolated cases of polyposis, there were twenty 
deaths due to cancer of the rectum in patients aged less than 40. The total number of deaths was 
71, giving c = 20/71 = 0-2817. 

Using only those deduced cases of polyposis where the site of the cancer has been recorded, we 
find c = 23/80 = 0-2875. 

Combining these estimates we have 

c¢ = 43/151 = 0-2848 (s.x. 0-037), 
hence f = ab/cD 
= (0-0658 x 96)/(0-2848 x 527,651) 
= 1/23,790 
= O42 x 10-4 (SB. = OTS x0). 

This estimate is only about one-third of Reed & Neel’s (1955). The major source of the dis- 
crepancy lies in the quotient b/D which, here, is 0-000182, whereas Reed & Neel (1955) made it 
0-000582. Substitution of this value for b/D in the above equation gives anestimate of f = 1/7437 
which is close to Reed & Neel’s (1955) estimate. The discrepancy between the two estimates 
probably arises because the population of patients at the University Hospital, Ann Arbor, 
Michigan (used to estimate a), had different relative proportions of patients with cancer of the 
colon and rectum from the general population of Michigan which provided the estimates of b 
and D. This must be investigated before we conclude that the incidence of polyposis is different 
in the two countries. 

ESTIMATION OF FITNESS 
An estimate of the relative biological fitness of persons suffering from the effects of a specific 
gene is required if an attempt to estimate the mutation rate at that locus is to be made. Fitness 


in this context is a measure of the ability to maintain personal genes in the population by passing 
them on to the next generation. An estimation of fitness is thus made by comparing the repro- 
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ductivity of affected individuals with that of a control group. At first sight it would appear that 
this would not be too difficult but great care must be exercised in selecting the control group. 
Fisher (1930) has shown that family size itself may run in families, and that the members of a 
large sibship tend to have more children, on the average, than members of a small sibship. 

Polyposis families with more than one affected member are more likely to be detected than 
families in which there is only one affected person. Thus it follows that any collection of families 
with polyposis where the ascertainment is incomplete will include too large a proportion of 
families with more than one affected person. The known tendency for surviving members of such 
large families to have a greater number of children than those from small families would falsify 
the results. Possibly such a comparison might even show that affected persons were more fit 
_ than the general population. Further, in estimating fitness, a finite body of data, collected over 
a period of time, will be affected by changing ‘fashions’ in average family size. Reed & Neel 
(1955) hoped to minimize both these sources of error, by comparing the fitness of affected 
persons with their normal sibs. This method is subject to further difficulties due to the frequent 
late onset of polyposis. There is always a danger that apparently normal people, whose repro- 
ductivity is being measured, may at some future time develop polyposis. Even if sibships were 
used in which all persons, both affected and normal, were either dead or whose reproductivity 
had ended, the unrecognized case of polyposis would remain as a source of error. 

Reed & Neel (1955) reduced this source of error by restricting their normal sibs to those aged 
41 or over. While this reduces one source of error it may introduce another as those normal sibs 
who died before the age of 41 are excluded. Since we would expect that their families would be 
smaller than those who survive to the age of 41, the subsequent estimate of family size for 
‘normals’ will be too large, and our estimate of fitness as the ratio of family size of ‘affecteds’ to 
that of ‘normals’ will be too small. The ratio obtained in this way, by Reed & Neel (1955), was 
2:50:3-39 which gives a fitness estimate of 0-74. The same authors made another estimate of the 
fitness using a larger amount of their data. Two assumptions were required for this calculation. 
The first was that the only effect of the polyposis gene on fitness was to terminate the repro- 
ductive life of affected persons by premature death from cancer. The second assumption was 
that reproduction continued unimpaired until the time of death. By an algebraic method 
involving certain further mathematical approximations, the authors arrive at an estimate of 
the length of the reproductive period in affected persons and compare this with the normal for 
the State of Michigan. The resultant quotient is called the Relative Reproductive Span (RRS), 
and is equated directly to fitness. The figure obtained was 0-78 which is in good agreement with 
their previous estimate. 

Since relative fitness is a measurement of reproductivity, it follows, for disorders determined 
by a gene acting in single dose, that the fitness (W)is also a direct measurement of the proportion 
of polyposis genes passed from one generation to the next. Accordingly, it should be possible 
to determine W by counting the number of affected persons in successive generations. There are 
many criticisms of such a procedure when applied to data consisting of anything less than the 
complete population of affected persons. However, the limitations to be imposed on the method 
(below) do something to minimize these criticisms and provide a method which is swift and easy, 
but probably not very accurate. 

The method will only be applied to the St Mark’s families and those classical polyposis families 
in which there is more than one affected person. Since each family usually starts with a single 


A.M. 0. VEALE 27 


affected person (whose status in his sibship has never been determined), he is omitted from all 
counts of affected people. We then proceed to count the number of affected persons in the 
second generation (generation NV) and the number in the third generation (N + 1). The number of 
affected persons in the third generation is now treated as generation N and those in the fourth 
as generation N+1. This procedure is applied to each family in turn, taking care that no 
affected person under the age of 30 (and still alive) is allowed to appear in generation NV, and 
that no affected person appears in generation N if his children have not been examined for 
polyposis. These rules lead to the exclusion of most people who might erroneously be counted as 
having no affected offspring. This produces an opposite bias owing to the inclusion of all the 
affected persons who died young and had few or no affected children and this tends to make the 
estimate of fitness too low. The counts for the various families are found in Appendix 4. The 
estimate of W is taken as S(N +1)/S(N) where S signifies summation. The value obtained is 
0-73, which is a little lower than the value of 0-78 obtained by quite different methods by Reed 
& Neel (1955). 

We may obtain a further estimate of fitness by assuming it remains undisturbed until cancer 
is diagnosed. We then suppose that reproduction stops. Since we know the ages at which cancer 
was diagnosed in polyposis patients, we can calculate, from tables of the ages of fathers and 
mothers, the proportion of children which would have been born if fitness in the parents had 
not been reduced to zero. This corresponds to an estimate of (1— W), and allows the fitness to 
be determined for each sex separately. 

Data on mothers’ ages are obtained from the records of the Registrar-General (1950). Fathers’ 
ages are available in Australian population figures (Demography, 1953), or from a series of 
1025 consecutive deliveries at University College Hospital, London (Galton Laboratory data). 
These figures, together with the distribution of the ages of diagnosis of cancer in the St Mark’s 
polyposis patients, are in Appendix 4. 

The various estimates of the fitness of polyposis patients are shown in Table 13. 


TABLE 13. Estimates of the relative fitness of various classes of 
polyposis patients (St Mark’s cases) 


Males 
a a =, 
Australian UCH 
Females data data 
(%) (%) (%) 
Classical polyposis families 82°81 81-78 80°41 
Classical, cyst families and isolated cases 79°46 79°05 77°25 


It is clear that these figures are in close agreement with the estimate of 78% obtained by 
Reed & Neel (1955). For the classical polyposis families the mean value of fitness for males is 
81-09 %. The weighted mean fitness of males and females combined in the classical polyposis 
families is 81-83 %. 
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MUTATION RATE 


The only estimate of the mutation rate at the polyposis locus that appears to have been made 
is that of Reed & Neel (1955). The method used is an indirect estimate using the formula 
m = f(l—W)/2, 
where m = mutation rate, per locus per generation, 
f = frequency of polyposis in the population, and 
W = relative fitness of persons with polyposis. 
The result obtained was thirteen mutations per million loci per generation, and is of the same 
order of magnitude as mutation rates obtained for other autosomal dominant diseases in man. 
A table of such estimates is given by Penrose (1961). 
A further estimate of the mutation rate at the polyposis locus can be made using the estimates 
of frequency and fitness obtained with the St Mark’s Hospital data: 
m = f(l—W)/2 
= 0:1817/(2 x 23,790) 
= 3:8 x 107% (SB =1*60107). 
This figure is about a third that obtained by Reed & Neel (1955) and is a further consequence of 
the difference in the estimates of the frequency of polyposis. 


MANIFESTATION 


It is clear from the preceding sections that there is considerable variation in the age at which the 
effects of the polyposis gene may appear: an accurate estimate of manifestation, therefore, 
should specify the age structure of the persons to whom the calculation is applied. Reed & Neel 
(1955), from a study of those sibships in which the unaffected members were older than 40, 
found thirty-six unaffected and twenty-four affected. This does not differ significantly from a 
1:1 ratio. They assumed that the manifestation of the polyposis gene in persons aged 50 was of 
the order of 90% and would be higher still in older persons. There is further assumption 
involved in this observation, and this is that the only effect of this gene on life expectancy is to 
produce polyposis with its risk of cancer. This is not certain and it may be that a diminished 
manifestation is due to some unrecognized action of the gene upon life expectancy with the loss 
of some carriers of the gene before its characteristic expression has been recognized or achieved. 
Dukes (1952) found an overall incidence of polyposis, in families showing more than one case, 
of 40 %, corresponding to a manifestation of 80 %. 

Duhamel, Berthon & Dubarry (1960) are the only writers who have made a formal mathe- 
matical approach to estimate the overall manifestation of the polyposis gene. Their final con- 
clusion was that the penetrance of the polyposis gene was greater than 80%. 

The problem of estimating segregation ratios has been investigated by Weinberg (1912), 
Hogben (1945), Fisher (1934), Smith (1956, 1957), Morton (1958, 1959) and others, and some of 
these methods will be used here. The data, taken from families showing more than one case of 
polyposis, are set out in Appendix 3. The first part of this appendix shows the offspring of 
affected persons, but only those sibships which do not contain a propositus, parent or grand- 
parent of a propositus. The sibships thus do not necessarily contain an affected person and so 
the expectation of affecteds to normals is exactly 1:1. The expected number of affected persons, 
calculated by the method of Hogben (1945), on the assumption that the expected numbers of 
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families of a given size showing different numbers of affected persons are proportional to the 
binomial expansion of (4+ 4)s, where s is the sibship size. The total number of affected persons 
expected was 136-5 whereas only 100 were observed. The difference between these two figures 
is more than three times the s.u. Because of this significant deviation, an estimate of the pro- 
portion affected in sibships of different sizes was made and a compound estimate derived by 
weighting each estimate with the inverse of its variance. The result when doubled is the 
manifestation, which was found to be 72-28 % (s.u. 5:74 %). 

Inspection of the table in Appendix 3 suggests that there are too many families with too few 
affected persons and this can be shown to be the case. Probably this sample includes a number 
of persons erroneously classified as not carrying the gene, and, as the sample ages, the number 
of affected persons will come closer to expectation. 

Appendix 3 also contains the data from sibships which include propositi or their parents or 
grandparents. Such sibships will necessarily contain at least one affected person (truncate 
selection) and special methods must be applied to compensate for this: Hogben’s (1945) method 
implies that the probable ascertainment of a particular sibship is not increased by the presence 
of more than one affected person within the sibship and should only be applied when ascertain- 
ment is complete. This is certainly not the case with polyposis. Weinberg’s sib method (1912) 
is also only strictly applicable to complete ascertainment, and so will not be used here. 

For incomplete ascertainment, the probability of inclusion of a particular sibship is dependent 
upon the number of affected persons within the sibship, and the appropriate method of analysis 
is Weinberg’s (1912) ‘Propositus’ method, i.e. Fisher’s (1934) ‘sib’ method. These two methods 
are equivalent and give the same result. The method used here is that given by Fisher (1934) as 
this also gives the method for calculating a standard error. The manifestation is found to be 
84-54 % (S.E. 5:4 %): a value which is not significantly different from that previously obtained. 
The appropriately weighted combination of these two estimates gives a final estimate of the 
manifestation of 78-8 % (S8.E. 3-9 %). 

The difference between the two estimates of manifestation, although not significant, is in the 
direction which we would expect if the manifestation were to increase with age. Sibships con- 
taining propositi or their parents or grandparents will tend to be older than other sibships in 
which the majority of individuals are still alive. 


ISOLATED CASES 


Many discussions of familial intestinal polyposis include reference to the ‘non-familial’ case. 
The implication is that there exists a phenocopy of polyposis. 

Reed & Neel’s (1955) paper includes nine out of twenty-four propositi without a familial 
incidence, a proportion of 37-5 %. In the St Mark’s data there are eighty-one propositi including 
twenty-four in which there is no family history of the condition. Among the forty-seven families 
in which polyposis is plainly inherited, there are three propositi whose parents and sibs appear 
to be unaffected but who have passed the condition on to their offspring. At the time of detec- 
tion, therefore, these three propositi were not able to give a family history of the condition and 
so will be added to the twenty-four isolated cases. There are, thus, 27/81 = 33-3 % of propositi 
without apparently affected parents. The combined estimate for the two series is 36/105 = 34%. 
We will assume that a non-familial phenocopy does not exist and see how it may be possible to 
explain this high proportion of cases with unaffected parents. 
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It is simplest to assume that all these cases are the result of mutation. This would mean that, 
if the population is in equilibrium, the relative fitness of people with polyposis would be 
(1—0-34) = 0-66, a value lower than Reed & Neel’s (1955) estimate of 0-78, and also the 
estimate of 0-82 from the St Mark’s data. 

In view of the late onset of age of carcinoma in some patients with polyposis, it is probable 
that some affected parents are missed owing to death from some other cause. This would lead to 
the estimate of fitness being too small if it was based on the number of propositi without affected 
parents. Moreover, failure to detect persons with polyposis, owing to a late age of onset, will 
not be confined to parents and, in affected families, will lead to fewer affected persons than 
expected. We have already seen from our estimate of manifestation that this appears to happen. 
It remains to be seen whether the observed number of unaffected parents of propositi is com- 
patible with the observed manifestation of the polyposis gene in those families showing a familial 
incidence. 

If we take the relative fitness as 0-8 then 0-2 propositi will be the result of fresh mutation. 
This corresponds to 21 cases out of 105, leaving 84 in which an affected parent should have been 
found. Actually only 69 of these propositi had an affected parent. The manifestation is thus 
69/84 = 0-82, which is in close agreement with the manifestation observed within families. 

If no information is available about the parents of a newly diagnosed case of polyposis, or if 
the information obtainable does not suggest that either parent is affected, the probability that 
the case is a new mutation is equal to (1— W), where W is the fitness of persons with polyposis. 
We have already found that W = 0-8 so that the initial probability that any new case of poly- 
posis is the result of mutation is 0-2. This probability is reduced to zero if an affected relative 
is found, but is increased as more relatives are investigated and found to be unaffected. 

It is interesting to consider a new case of polyposis with apparently unaffected parents (or no 
information available) and s sibs, all found to be unaffected. Such a sibship could arise as the 
result of a fresh mutation or because the polyposis gene actually received from an affected but 
undetected parent has only appeared in one sib. The probability of mutation is initially 
a = 0-2, and the probability of having received the gene from a parent and all the sibs being 
unaffected is (l—a) (1—M/2)* where M = manifestation of the polyposis gene. Hence the 
compound probability that such a person represents a fresh mutation is 

a/(a+(1—a) (1—M/2)), 
where M = manifestation of the polyposis gene which becomes 
1/(1+4(0-6)’) when a=0-2 and M = 058. 

This expression has the following values for different values of s (the number of unaffected 
sibs) : 

Probability that the 


No. of propositus is a fresh 
normal sibs mutation 
° 0°2000 
I 0°2941 
2 0:4098 
3 0°5365 
4 0°6586 
5 07628 
6 08427 
Z 078993 
8 0°9370 
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The rapidity of the rise in probability, with increasing family size, is a further indication that 
it is not necessary to postulate the existence of a non-familial form of polyposis, when the sibs 
and parents of a propositus appear to be unaffected. 

If isolated cases of polyposis are of non-genetic origin, the causes of the condition must here 
be environmental. There is thus no reason to suppose that, at the time of their birth, their 
parents should be either older or younger than parents of other persons who do not subsequently 
develop polyposis. Alternatively, if isolated cases of polyposis are the result of fresh mutation, 
a parental age effect may be found. Such effects have been found by Penrose (1933) and Blank 
(1960) where the statistical methods are explained more fully. Appendix 5 contains the data on 
fathers’ ages, mothers’ ages and birth ranks of all the isolated cases of polyposis in the St Mark’s 
series. A comparison of the mean parental ages and birth rank, with the population figures 
given by Blank (1960), is shown in Table 14. Since the population figures are based on such 
large numbers, a comparison of the population and polyposis means, by calculating the 
standard error of the difference, yields a value for the standard error which is almost entirely 
dependent on the population variance and not on the variance of the polyposis sample. 
Consequently we set up the null hypothesis that the population means and variances are the 
true values and test whether the means obtained with the observed numbers in the polyposis 
sample could have arisen from random sampling errors. The standard error of the difference 
between a pair of means is thus the population standard deviation divided by the square 
root of the number of observations in the polyposis sample. The quotient (difference between 
means divided by standard error of difference) is the statistic z with zero mean and unit 
variance. 

It is clear from the results of Table 14 that both parental ages and birth rank are increased 
for the polyposis patients. The increase in parental ages is slightly greater for the fathers. 


TABLE 14. Significance of differences between population and polyposis sample means 


Population 
—_—s""——_ Polyposis 
Mean 8.D. sample Difference S.E. z p 
Fathers’ age 31°54 6°79 35°72 4°18 1°44 2:90 07004 
Mothers’ age 28°54 5°97 32°09 3°55 1°24 2°86 0°004. 
Birth rank 2°24 IV57 2°83 0°59 0°33 1°80 0'072 


These findings are difficult to explain if we assume that the isolated cases arise from non- 
genetic causes, but are more intelligible if they are the result of fresh mutations. Parental age 
and mutation are discussed by Penrose (1955, 1957) in connexion with achondroplasia and 
mongolism, Lynas (1958) (Marfan’s syndrome) and Blank (1960) (Apert’s syndrome). An 
analysis of the parental ages and birth ranks in these conditions showed that in mongolism, 
the increase was primarily in the ages of the mothers and that fathers’ ages and birth ranks were 
increased by virtue of their correlation with maternal age. Achondroplasia, Marfan’s syndrome 
and Apert’s syndrome showed an increase in paternal age, with maternal age and birth rank 
secondarily involved. It is appropriate, therefore, that we should examine the present data in 
order to see whether it is possible to assign the general increase in these three parameters to 
any particular one of them. The method used is that of partial correlation, and the results of the 
analysis are to be found in Appendix 5 where it can be seen that although the correlations 
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between fathers’ age and incidence, and mothers’ age and incidence were initially +0-25 and 
+0-27, respectively, the partial correlations became +0-10 and +0-09. The correlation with 
birth rank fell from +0-16 to + 0-05. This suggests that perhaps the age of the father is of greater 
significance than the age of the mother, but the findings are at present inconclusive and further 
data need to be collected. 

There is a further complication which needs to be considered when studying isolated cases. 
We have already seen that the manifestation of the polyposis gene is not 100% which means 
that a proportion of the cases which we are at present ascribing to fresh mutations are, in fact, 
the offspring of an affected but undetected parent. If all such parents were detected the number 
of cases with unaffected parents in a series of propositi would depend only upon the relative 
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Fig. 3. Percentage frequency distribution of father’s age in twenty-three isolated cases 
of polyposis and in a control population (Demography, 1953). 


fitness (W) of polyposis patients. Since the proportion of polyposis genes lost each generation 
equals (1 — W) these cases must be replaced by mutation if equilibrium is to be maintained. The 
remainder of the propositi (W) will represent the familial cases with an affected parent. How- 
ever, we only expect a proportion M of these to be detected, where M represents the manifesta- 
tion. One can correct the observed parental ages for isolated cases by making due allowance for 
the possible inclusion of affected, but undetected, parents whose ages are distributed with the 
same mean and variance as the general population. It can be shown from the present data that 
parents affected at the time of birth of their affected children have the same parental age 
distribution as unaffected parents. Such a correction will further increase the already significant 
deviations of both parents’ ages and will further re-inforce our conclusion that isolated cases of 
polyposis are the result of mutation. We also may note that several propositi not used in this 
analysis had, at the time of their detection, no known relatives with polyposis but have survived 
to have affected children. 

Figs. 3-5 show the actual distributions of parental ages and birth order of the isolated cases 
of polyposis compared with the general population. 

In conclusion we may note that the significant increases in parental age of the isolated cases 
of polyposis are difficult to explain if we assume that the causes are environmental. On the 
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other hand the increased liability of older parents to mutation makes this a plausible explana- 
tion of the isolated case, especially when we remember that such cases are expected as a result 
of the diminished biological fitness of affected persons. We have also seen that the isolated cases 
occur with almost the exact frequency predicted by independent calculations of the mutation 
rate and manifestation. 
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Fig. 4. Percentage frequency distribution of mother’s age in twenty-three isolated cases 
of polyposis and in a control population (Registrar-General, 1950). 


Fig. 5. Percentage frequency distribution of birth order in twenty-three isolated cases of 
polyposis and in a control population (Registrar-General, 1950). 


CHROMOSOMES 


In order to investigate the possibility of an abnormal chromosomal karyotype causing poly- 
posis, chromosome studies were made. Examination of tissue culture cells prepared from skin, 
the mucosa of polypi and intervening normal rectal mucosa in both males and females with 
classical polyposis and polyposis plus sebaceous cysts, always showed a normal chromosomal 
constitution. 

‘The author is indebted to Dr Joy D. A. Delhanty, of the Galton Laboratory, who undertook 
the tissue culture work and prepared the slides for examination. 


AGE VARIATION 


Veale (1960) has already drawn attention to the extreme variation in the age of onset of 
symptoms, diagnosis, onset of cancer and death, in cases of polyposis. This variation is recognized 
and accepted as occurring frequently between families, but it is important to realize that much 
variation may also occur within a family. This variation may have a genetic or environmental 
background, or both. 

In diseases with an early age of onset we would expect to find that any environmental effect 
influencing this would lead to a larger degree of variation between parent and child than within 
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a sibship, for at younger ages the members of a sibship share a common environment which may 
well be different from that of their parents at a similar age. As the age of onset of symptoms 
becomes greater, the degree of variation due to environment, within a sibship, would tend to 
become larger and similar to that between parent and child. In the limit we would expect the 
environmental variation between sibs to be equal to that between parent and child for diseases 
with a late age of onset. 

For a disease due to a single gene causing a constant age of onset in all families, and in the 
absence of any environmental effect, the degree of similarity between relatives, as measured 
by the correlation coefficient, would be equal and high in both parent/child (p/c) and sib/sib (s/s) 
combinations. If the disease is of early onset and significant environmental effects are present, 
the p/c correlation will be diminished, while the s/s correlation will remain largely unaffected. 
As the age of onset of symptoms becomes higher, the s/s correlation will gradually diminish until 
both correlations are small and uncertain. 

On the other hand, variation in onset of a disease may be due to genetical causes: there are four 
possibilities: 

(1) Variation in the main gene. In diseases such as Friedrich’s ataxia, Huntington’s chorea 
and muscular dystrophy, it is believed that similar clinical pictures are produced by different 
genes which may occupy the same or different loci. 

(2) Variation in the allele which occupies the complementary locus to the main gene. 

(3) Variation in modifying genes occupying some locus other than that of the main gene. 

(4) Variation in the total genetical background upon which the main gene acts. This is really 
an extension of having modifying genes at one locus to the general case of modifying genes at 
many loci. 

Each of these possible causes of variation will have their effects upon the correlation co- 
efficients between relatives, and these will be discussed later. 

In familial intestinal polyposis we have four possible ages which could be used for analysis of 
correlations between relatives: 

(1) Age at appearance of polypi: as the majority of cases were not examined until polypi 
were already present, this figure is only available for a few cases so that no satisfactory analysis 
can be made. 

(2) Age at which symptoms appear: this is certainly the best figure to use, but it is only 
available for the propositi and a limited number of the proved cases of polyposis. None of the 
deduced cases of polyposis can contribute to this analysis. ; 

(3) Age at diagnosis of cancer of the colon or rectum: this figure is available for a number of 
the propositi where the diagnosis of cancer was made at, or about, the same time as the diagnosis 
of polyposis. Not many of the proved cases of polyposis can give accurate information on this 
point as many of them have already been subjected to surgery, and, those who have not, have not 
yet developed cancer. For the deduced cases of polyposis we can make an assumption that the 
cancer preceded death by some arbitrary and necessarily fixed interval. We shall see below that 
this may well obscure some sources of genetical variation. 

(4) Age at death from cancer: this figure is available for the greatest number of polyposis 
patients and will be used in the analysis. Various limitations to its use will be discussed below. 
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ANTICIPATION 


The earlier appearance of a genetical condition, often with increased severity, in successive 
generations is known as ‘anticipation’. The background of belief in this phenomenon is discussed 
by Penrose (1948). Recently, Kelly & McKinnon (1961) have commented on the apparent 
earlier age of onset of polyposis in successive generations of a large pedigree studied by them in 
Canada, and surgeons from time to time have raised the question in conversation and stated 
their belief in its existence. It is appropriate, therefore, to examine the present data to see if 
there is any foundation for this belief. 

Penrose (1948) in discussing the illusion of anticipation makes it clear that any disease, in 
which there is a highly variable age of onset, lends itself to the demonstration of an anticipation 
effect. In order that we may see the reverse of anticipation, namely, a much later age of onset 
in children than in their parents, it is necessary that a family should be observed over a period 
of about 40 years. Families 1 to 10 in the present series have been observed for periods from 
between 22 and 45 years, but only in two instances are there data concerning the age of onset of 
symptoms in parent/child combinations, and in both of these the age of onset of symptoms was 
later in the parents than in the children. 

The whole data give sixteen p/c combinations in which the age at onset of symptoms is known. 
These figures, together with the sib/sib combinations, are to be found in Appendix 2a. The mean 
- age of onset in parents is 32-3 years and in their children 16-1 years. The p/c correlation is 
+0-55 (0:05 > P> 0-02) and the general standard deviation (7) of parents and their children is 
12-50. The anticipation index is D/2c, where D is the difference between parent and child means. 
For the age at onset of symptoms, the anticipation index is 0-65 with standard error 0-25. It is 
clear that this value is significantly different from zero (no anticipation) and is of the same order 
of magnitude as other values of the anticipation index calculated by Penrose (1948) for several 
other conditions. It seems that surgeons with clinical experience of polyposis are not unjustified 
in believing that the age of onset shows an anticipation effect. 

It must not be assumed that the writer believes in anticipation as a genetical phenomenon. 
Apparent anticipation is an artefact introduced into the data by the biased sampling of families 
over a limited period of time. Any disease in which there is considerable variation in the age of 
patients may allow the demonstration of a spurious anticipation effect which alone must not be 
interpreted as having any fundamental biological significance. 

If the existence of anticipation is due only to a general random variation of age of onset of 
symptoms then the same variations will exist within sibships. Thus, it may be necessary to 
observe a sibship for a long period in order to detect pairs of sibs in which the ages of onset of 
symptoms were considerably separated. It would thus be possible to demonstrate an anticipa- 
tion effect between older and younger sibs which would be produced by the same processes 
which lead to anticipation between parents and children. However, in practice, we do not look 
for anticipation effects between sibs and, in the construction of a sib/sib correlation diagram, 
each sib pair is entered twice so that the diagram is symmetrical about the main diagonal. The 
means of each axis are thus the same so that the anticipation index is necessarily zero. 

If we observe a sibship for a limited period and find two sibs both aged say about 35, one of 
whom has just developed symptoms of some inherited disease, while the other claims to have 
symptoms for 15 years, then the double entry of this sib pair in the correlation table exactly 


3-2 


36 INTESTINAL POLYPOSIS 


compensates for those sibships which were detected through the sib who developed symptoms 
at the age of 20; such a sibship would have to be observed for a further 15 years before the second 
sib developed symptoms and an entry could be made in the table. 

Now, if the age of onset of symptoms was a random event, the s/s correlation would not be 
significantly different from zero. The actual value obtained in Appendix 2a, for twenty- 
four sib pairs and five sib trios, for the age of onset of symptoms in polyposis, was + 0-66 
(P < 0-001). 

The symmetrical entry of sib pairs in the correlation table effectively removes any anticipation 
effect and the same method can be used in the p/c correlation table. In Appendix 2a we see 
that all parents but one have an older age of onset of symptoms than their children and some 
adjustment seems to be required. The unadjusted and asymmetrical p/c table gives a correlation 
coefficient of + 0-55, whereas the adjusted and symmetrical table gives a value of — 0-16. It is 
clear that the adjusted values of the p/c and s/s correlations for age of onset of symptoms differ 
significantly. (The difference between Fisher’s (1958) z transformation of the correlation co- 
efficients is greater than 2-3 times the standard error.) 


ONSET OF CANCER 


We can never be sure just when a malignancy has developed but, in view of the rapidity of the 
malignant process once it has become established, the age at diagnosis of cancer provides an 
estimate of the age of onset. In this analysis we will deal only with propositi and proved cases 
of polyposis. For the deduced cases of polyposis there is no evidence as to when the cancer was 
diagnosed and no way of eliminating those cases in which life had been significantly prolonged 
by surgery. 

However, since the majority of the deduced cases of polyposis died of cancer some 30 to 
50 years ago, and in view of the significant improvements which have taken place in surgery 
of the colon and rectum, it may be that some assumption regarding the age of onset of cancer in 
those deduced cases of polyposis which died of cancer, would enable them to be included in the 
analysis. If this were done it would yield much the same results as those obtained in the next 
section where age at death from cancer is considered. Because of this the present analysis is 
confined to the propositi and the proved cases of polyposis. Unfortunately, very few families 
contain p/c and s/s combinations giving precise information on this point. The relevant figures 
are in Appendix 20. 

There are only ten p/c pairs with a non-significant correlation coefficient of —0-02. The 
symmetrical table from these p/c pairs has a correlation coefficient of — 0-25 which is again not 
significantly different from zero. There are, however, fifteen sibships of size 2, four of size 3 and 
one of size 4. The correlation coefficient is + 0-65 which is highly significant (P < 0-001). These 
correlations are not inconsistent with those already obtained for age at onset of symptoms. 


CANCER MORTALITY 


Although many polyposis patients are still alive, all the deduced cases of polyposis are dead and, 
with few exceptions, the cause of death was cancer. To be included in this analysis all propositi 
and proved cases of polyposis must have had cancer of the rectum or colon. Where the patient 
is still alive as a result of timely surgery, or is dead in spite of surgery, the age at death from 
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cancer is counted as one year later than the age at diagnosis of cancer. Non-cancer patients are 
excluded. 

In the first analysis only propositi and proved cases were used and this allows the inclusion 
of only a few more cases than were used in the analysis of age at diagnosis of cancer. The p/c 
correlation, on thirteen p/c pairs, is + 0-12, with a symmetrical value of — 0-11. Neither of these 
values is significantly different from zero. There are fifteen sib pairs and six sib trios giving a 
correlation of +0-68 (P < 0-001). These values are to be found in Appendix 2c. Appendix 2d 
contains a much larger series of cases. Here many of the deduced cases have been included, 
counting the age at death as that recorded since no other information is available. 

Not all the deduced cases of polyposis have been included in this analysis. The reason for 
this is that information about distant relatives is often unreliable. An informant may have to 
take an inspired guess at the age of death of some distant relative and once this has been noted 
it tends to assume an air of authority often not intended when the estimate was given. For this 
reason only those deduced cases which were either sibs or parents of propositi or proved cases 
have been included. The information supplied about the age at death of an informant’s sibs or 
parents is likely to be accurate, in contradistinction to information supplied about more distant 
relatives. 

For the first time a satisfactorily large number of cases can be included in the analysis. There 
are 127 p/c pairs and eighteen sibships of size 2, fourteen of size 3, four of size 4, four of size 5, 
and one of size 6. The p/c correlation is +0-13 (0:2 > P > 0-1), and the diagram is shown in 
Fig. 6. The symmetrical value of —0-10 (P > 0-2) is shown in Fig. 7. The sib/sib correlation is 
+0-53 (P < 0-001) as shown in Fig. 8. The mean difference between parents and children is 
10-64 and the anticipation index 0-45 (P < 0-001). 

The final analysis of age at death from cancer, using all deduced cases of polyposis, is in 
Appendix 2e. The symmetrical p/c correlation is —0-05 and the s/s correlation is + 0-42. Only 
the s/s correlation is significantly different from zero but, in view of the reasons already given, 
it is more likely that the values obtained for propositi, proved cases and their first degree 
relatives, are the more accurate. 

All these findings are summarized in Table 15. 

It has been suggested to the writer that this lack of p/c correlation is not unexpected in view 
of the wide range of ages found for the various stages analysed in polyposis. This criticism is 
easily met. Penrose (1948) presents results for p/c correlations in the following conditions: 
dominant peroneal atrophy, dominant muscular dystrophy, hereditary glaucoma, Huntington’s 
chorea, diabetes mellitus, mental illness (all diagnoses) and dystrophia myotonica. In all of 
these conditions the general standard deviations for age of onset of symptoms were between 
12-4 and 18 years, whereas the standard deviation for age at death from cancer (propositi and 
proved cases and their first degree relatives) was 11-9 years, and for all cases was 11-7 years. 
Even though the standard deviations quoted by Penrose (1948) were larger than those for age 
at death in polyposis, the p/c correlations were also larger, varying between + 0-32 and + 0-76 
compared with the values of +0-13 and +0-14 for age at death in polyposis. It would seem, 
then, that the values obtained for polyposis require some explanation. 

Throughout this discussion we have assumed that classical polyposis was due to a single 
abnormal gene and the results obtained do nothing to shake our faith in this hypothesis. If 
there were variation in the main gene, producing the same clinical effects apart from varying age 


INTESTINAL POLYPOSIS 


38 


z6L 
6£1 


ce 
€€ 


6£ 


saved 
qis 
JO °ON 


eee ZV-O + 
4 £50 + 
#4489-0+ 
a 29-0 + 


#*99:0 + 
s/s 


10.0 < g < $0.0 = y 100.0 < g < 10.0 


So.0 — ¥1I-o+ 
ol1.o— €1.0+ 
II.o— ZI.0+ 
Sz.o— Z0.0 — 
gl.o— 445.04 
utds 0/d ald 


Qe 


UOT} BlOIIOD 


4 fOV-0 
eR IV-O 
c¥.o 
gt.o 
4459-0 


xepur 
uoryedioyuy 


gr.6 

69.11 
$S.11 
06.£1 


QI-gl 


eouer1oyIC 


a ok 
6z.6£ 
ge.ge 
00.S€ 
0g.0€ 


€1.91 


ueoul 
PIO 


100.0 > qd = xxx 


SL.gb 
z0.6¢ 
$S.or 
oL.bh 


Toece, 


uvoul 


quoie g 


sisodhijod fo asinoa ay} ur sabnjs snorsna sof saavnjas 
waanjag SUOYN{aLLOD PUD ‘sadUpUrL UOYDdOYUD ‘suDIU PpLYyD puD oJUaIOT “Gl ATAV], 


€g1 
gai 
€1 
oI 
gi 
saved 


a/a 
JO "ON 


(ae0uvd WOIT YYVEP) SESBd [TV 


SOAT}EOL COISEP 4SIY 
YjIM rsoueo UOT YyeOC 


r90uRBd 
wor YVOd 
I90UB9 JO 
sIsouUseIC, seseo 
sui0ydurAs poaoad pur 
jo yosuo wisodoig 


A.M. 0. VEALE 39 


of death from cancer in different families, then this gene would be passed from parent to child 
and we would expect the p/c and s/s correlations to be approximately equal. Since this is not 
so we will discard it as a possible explanation. 

A modifying gene at a different locus from the polyposis gene must also be considered. When 
the modifying locus is closely linked to the polyposis locus the segment of chromosome containing 
the polyposis gene and the modifying gene (favourable or unfavourable) will be passed as a unit 
from parent to child. For the same reasons as given above, this will lead to similarity between 
the p/c and s/s correlations. If the modifying locus is loosely linked to the polyposis locus, this 
will be indistinguishable from the case in which the modifying locus is located on a different 
chromosome. In these circumstances, if the effects of the alleles at the modifying locus are purely 
additive, it can be shown that the p/c and s/s correlations will each equal + 0-5, irrespective of 
the gene frequency of the modifying alleles. If degrees of dominance exist for the modifying 
alleles, then the correlations become functions of the gene frequencies. More than one unlinked 
modifying locus would lead to the corrections becoming weak and uncertain. 


ENVIRONMENTAL INFLUENCES 


It is difficult to imagine environmental factors producing the observed correlations when the ages 
at death from cancer have their observed values. If we were considering some other parameter, 
with its mean value during childhood (less than 20, say), then environmental factors would have 
an opportunity to bring about a resemblance between sibs which might well be lacking between 
parent and child. The age at death from cancer is more often greater than 40 than below it and 
the malignant process which precedes it cannot have existed for more than a few years. Hence, 
environmental factors would have to operate on some other phase of the illness in order to bring 
about the observed correlations. It is natural to consider whether environmental factors might 
influence the time of the first appearance of the polypi. It is difficult to imagine how these factors 
would operate. 

Unfortunately we have little information concerning the first appearance of polypi. The mean 
age, for the first appearance of symptoms, was 32 in propositi and 30 in those proved cases with 
symptoms. However, the average age at diagnosis of proved cases without symptoms was 24. 
Furthermore, we know that polypi are frequently discovered during childhood and that some- 
times polypi may first appear much later in life. If the environment could cause polypi to appear 
during childhood in some sibships and much later in others, then correlations of the observed 
magnitude could be expected. We could then imagine that, following the appearance of the 
polypi, the disease took the same course with respect to the passage of time in both sets of cases. 
However, the similarity between sibs seems to extend into the older age groups, when any 
similarity of environment is becoming minimized and sibs having a later age of onset of polypi 
would not necessarily tend to resemble one another in the subsequent course of the disease. 
Thus if the environment should play an important part in the course of polyposis at all times 
then parents would tend to resemble their children more and so the p/c correlation would be 
increased as well as the s/s. 

It would seem, then, that, though some unknown environmental agencies might conceivably 
produce the observed correlations, the hypothesis is difficult to maintain. 
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ALLELIC MODIFIERS 


This explanation of a similar set of observations in connexion with dystrophia myotonica and 
the nail-patella syndrome has been used by Penrose (1948) and Renwick (1956), respectively. 
Penrose (1948) discusses the matter in the most detail. If there are two or more alleles of the 
polyposis gene determining the age at death from cancer, then an affected parent cannot pass 
on this allelic gene to his children who are affected with polyposis. There is thus no reason why 


Parents 


10 20 30 40 50 60 70 80 90 
Child 


Fig. 6. Parent/child correlation for age at death from cancer. r = +0°13, S.E. = 0°09. 


the children should resemble their affected parent as they receive the modifying allele from their 
normal parent. The p/c correlation will thus be zero. Sibs, on the other hand, will all receive 
the same modifying allele from the unaffected parent if that parent should be homozygous for 
a modifying allele. If the unaffected parent is heterozygous for modifying alleles then sibs stand 
a chance of 1:2 of receiving the same modifying allele as the companion to the polyposis gene. 
The s/s correlation coefficient is thus + 0-5. The demonstration of these results by Penrose (1948) 
shows that the correlations have these magnitudes for all gene frequencies of an additive, two 
allele, modifying system. 

Disturbances from the theoretical values of 0 and 0-5 come about when there is some omission 
of values for individuals of a particular genotype which, in the case of polyposis, may be due to 
some patients not detected because of a long delay in the appearance of polypi and the sub- 
sequent risk of their dying of cancer. The anticipation index provides a measure of whether 
many such cases are being missed and we have already seen that, although significant values of 
the anticipation index were found in polyposis, the value for age at death from cancer (0-45) is 
not particularly high. Furthermore, the values of the correlations are, in the case of age at 
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death from cancer, sufficiently close to the theoretical values to suggest that the number of 
missed cases is not very many. If there is a systematic omission of cases, however, it is probably 
in a lack of parents who died young and had children who became affected late. This is obvious 
from an inspection of Fig. 6 and from the way in which the p/c correlation changes from + 0-13 
to — 0-10, when the table is made symmetrical. There does not appear to be any urgent necessity 
therefore to postulate a series of allelic modifiers, together with a bias of some suggested magni- 
tude, in order to account for the observed correlations. It seems that the modifiers alone will 
account for the observations, even though some bias is probably present. 

We will now examine a scheme of modifying genes which ultimately affect the age at death 
from cancer in those patients also carrying the polyposis gene, and will suggest various con- 
sequences for persons of different genotypes. In this connexion Penrose (1948) cites the observa- 
tions of Maas (1937) who noted many ‘suspicious signs’ among relatives of patients with 
dystrophia myotonica: the implication being that modifiers of a main gene may themselves 
produce minor clinical signs similar to those of the main gene. 

We will imagine that there are three allelic genes: 

(1) The polyposis gene, ‘P’, which causes the classical form of polyposis uncomplicated by 
any additional lesions. This is the main gene and, in the meantime, the variations of polyposis 
described in Part I will be ignored. If at any time they are found to be due to mutations at the 
same locus, subscripts could be used to accommodate them, P,, P,, etc. 

(2) The polyp gene ‘p’. This is the unfavourable modifier in that it causes an early age of 
onset of polyposis when carried in conjunction with P. 

(3) The ‘wild type’ (normal) gene ‘ +’ with no suggested pathological effect. 

The following six genotypes are possible: 

(1) ‘PP’; this is very rare and has never been observed with certainty. 

(2) ‘Pp’; this is the unfavourable form of polyposis with an earlier age at death from cancer 
than individuais of the next genotype. An explanation of how the gene p does this is not at 
present suggested. 

(3) ‘P+’; the favourable form of polyposis in which the age at death is later than that observed 
in persons of genotype Pp. 

(4) ‘++’; these persons are normal. 

(5) ‘p+’; these persons too are normal and are presumed to be indistinguishable from persons 
of genotype + +. 

(6) ‘pp’; it is suggested that persons of this genotype will inevitably tend to produce a few 
adenomata in the rectum or colon. It is known that a proportion of all adults can be demon- 
strated to have one or more symptomless polypi. 

The findings of Helwig (1947), Swinton & Haug (1947), Bacon (1949) and Gianturco & Miller 
(1953) support the contention that about 10 % of all adults can be shown to have one or more 
polypi in the rectum or colon. The frequency of polypi in persons of different ages has been 
shown in a study of 3609 patients by Andren & Frieberg (1959) to increase steadily from about 
5% at age 20 to nearly 15 % at age 70, becoming slightly more common in males in the older 
age groups. Unfortunately, Andren & Frieberg do not state how their series was selected, 
although their results are consistent with those of other workers. 

Rider, Kirsner, Moeller & Palmer (1959) discovered polypi in 537 of 9669 patients: this gives 
an incidence of only 5-6 % which is lower than most other estimates. However, during a follow- 
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up period varying from 4 to 9 years, 372 of these patients were re-examined and 41 % were 
found to have developed additional polypi. The rate of increase was such as to suggest to the 
authors that new polypi were being formed faster than would be expected in a comparable 
group of people in the control population. They concluded that those patients in whom polypi 
were originally detected were, in fact, ‘polyp prone’. 


FREQUENCY OF ALLELES 


For the moment we will consider only that part of the population that does not include poly- 
posis families. The various estimates of the frequency of persons with rectal polypi vary between 
2 and 20 % but, for the sake of simplicity, we will assume that approximately 9 % of the popula- 
tion will develop rectal or colonic polypi, and that these persons are ‘polyp prone’ in the sense 
mentioned above. If these people are all of the genotype pp, application of the Hardy—Weinberg 
Law tells us that the frequency of the gene » = 0-3 and of the gene + = 0-7. 

The various genotypes will then exist in the following proportions: 


pp (polyp prone) 0-09 
pt | 0-42 
“91 
x (normal) 0-49 0-9 
Total 1-00 


=urther application of the Hardy-Weinberg Law shows the following matings occurring 
between individuals of various genotypes with these frequencies : 


Mating type Frequency 

(1) pp x pp o-oo81 ut 

(2) ppxp+ 0:0756 4u®v 

(3) ppx ++ 00882 2u?v? 

(4) p+ xp+ 01764 4u*y? 

(5) p+x++ 04116 4uv3 

(6) +4+x*x++4+ o-2401 v* 
Total I'0000 1:00 


Ui=sO73 sO OF7 


It will be remembered that we have assumed that only pp persons will produce polypi and 
that p+ and + + are normal. Inspection of the above table shows that matings (3), (5) and (6) 
are not capable of producing pp children. Mating (4) will produce pp children with probability 
1:4, so that, even with quite large families, attention is not likely to be drawn to a familial 
incidence of polyps except in exceptional and very rare circumstances. These four matings 
account for 91-63 % of all matings. The remaining mating types will be considered separately. 

Mating (1) pp x pp: the frequency of this mating is less than 1 °% but both parents and all the 
children will be polyp formers and a high incidence of cancer of the colon and rectum is to be 
expected in such families. Families with such a high incidence of cancer are not unknown but, 
in view of the late age of onset of cancer of the colon and rectum and the fact that many persons 
with a few polypi are symptomless, the recognition of such families is not likely to be at all 
frequent. Moreover, even when attention has been drawn to a family concentration of cancer 
there appears to be only one instance where a simple Mendelian explanation has been suggested 
(see below). 

Mating (2) pp x p+ : this mating has a frequency of 7-65 % and one parent, together with half 
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Fig. 7. Symmetrical parent/child correlation for age at death from cancer. 


Fig. 8. 


Y = 0°10, S.H. = 0:00. 


Sib 
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Sib/sib correlation for age at death from cancer. r = +0°53, S.E. = 0°08. 
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the children, will be polyp formers. For the reasons mentioned above recognition of such families 
will not be frequent unless the observer is on the lookout for them. 

It is possible that confirmation of this theory that rectal and colonic polypi may have a simple 
genetical basis can be obtained by a study of the parents of patients found to have polypi. It 
must be remembered, however, that a certain proportion of matings, theoretically capable of 
producing pp children, will not in fact do so. This will lead to the various matings being dis- 
proportionately represented in any survey, short of complete ascertainment, which relies upon 
the recognition of suitable matings by the discovery of pp children. In these circumstances the 
probability of detection of a particular mating is more nearly proportional to the number of 
affected children and, if so, it can be shown that the incidence of the genotype pp amongst the 
parents of such children will be equal to w, which, in our example, would be 30 °4—more than 
three times the incidence found in the general population. However, an even higher incidence 
will be found among the sibs of patients found to have the presumed pp (polyp prone) genotype. 

It can be shown that if ascertainment of sibships is proportional to the number of affected 
sibs then the incidence of affected pp sibs among the sibs of propositi is equal to (1 — 4v)*. This 
expression has its lowest value when wu is approaching zero corresponding to the ‘polyp’ gene 
being very rare and all pp persons arising from the mating p+ x p+. As wu increases, more and 
more of the population will be pp and the expression for the proportion of affected sibs tends to 1. 
When u = 0-3 the proportion of affected sibs is 42-25 % which is much higher than the incidence 
found in the general population. It would seem, then, that the investigation of the sibs of isolated 
cases may provide further evidence of their genetic origin. 

The findings of Woolf e¢ al. (1955), in which twenty-five out of fifty-five related adults examined 
were found to have from one to four rectal or colonic polypi, are the only adequate family 
investigations on this subject known to the writer. The expected number of affected persons 
(under the present theory) is higher than the 42-25 % thus found, because attention was directed 
to the family on account of six out of twenty-four persons (comprising four sets of half sibs) 
having died from cancer of the gastro-intestinal tract. The fifty-five persons examined came from 
thirteen sibships in the next generation. We can assume, therefore, that the mating type 
p+ xp+ is probably not represented in the parents of this generation, and that all matings are 
either pp x p+ or pp x pp occurring in the ratio 4u*v:u4 (see mating table above). The expected 
number of pp children from these two matings occurring with the given relative frequencies is 
(u + 2v)/(w+ 4v), which equals 54-84 94 ifw = 0-3. This value is not inconsistent with the observed 
incidence of 45-4 %, and so we have here a possible genetic model to account for this unusual 
family. Further family investigations of this sort are necessary to confirm this. 


ALLELIC INTERACTIONS 


In the discussion of the genes p and +, we have ignored the presence in the population of the 
gene P. However, if the frequency of the condition is as great as 1 in 8300 (Reed & Neel, 1955), 
then, even if this should include persons of genotype PP, the frequency of the gene P will be 
very small and the frequency of PP individuals, relative to those heterozygous for P, will be of 
a comparable order of smallness. Accordingly, we will neglect individuals of genotype PP and 
will assume that all persons with polyposis are heterozygous for P. 

Furthermore, even if the frequency of polyposis is as great as 1 in 8300, matings involving 
two persons with the condition will be so rare that they may safely be neglected. 
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All cases thus receive the allelic gene at random from their unaffected parent. We have already 
postulated certain gene frequencies for the normal population, and so the population of persons 
with polyposis will consist of 

Pp (early onset) 0-3 = wu, 
P+ (late onset) 0-7 = v. 
Matings will be of the following types: 


Mating Frequency 
(1) Ppx pp 0'02'70 wu 
(2) Ppxpt 0'1260 2u2v 
(3) Fp x obi 01470 we 
(4) P+ xpp 006300 wv 
(5) P+ xpt 0°2940 2uv 
(6) P+x+4+ 0°3430 v3 

Total 1*0000 uU+v = 1:00 


It can be seen that matings (1) and (4), totalling 9% of polyposis matings, involve a non- 
polyposis parent who is a polyp former. We would expect a number of such parents to die of 
cancer of the colon or rectum, provided that they live long enough. In the present data for classical 
polyposis families, we find that three out of sixty-one families record parents in the first genera- 
tion both dying from cancer (families 2, 8 and 1801). There are of course many more sets 
of parents within these families but these should not be included in this context as, when taking 
out a family history, one tends to concentrate on the apparently affected branch of the family, 
and not to inquire after the spouses of the various members. However, a point is usually reached 
when further inquiry back into the family history is not possible, and it is here that the fate of 
both members of a marriage pair is likely to be recorded. 

Within the sixty-one families (St Mark’s and Reed & Neel (1955)) with more than one case of 
polyposis there are five families where the fate of the progenitor parental pair is not recorded. In 
the remaining fifty-six families observed three sets of parents (families 2, 8 and 1801), who each 
had a history suggestive of large bowel cancer, corresponds to an incidence of 5-4 % which is not 
incompatible with our present hypothesis, when one considers that not all polyp formers 
necessarily survive to develop cancer. 

This provides a much more likely explanation of families where both parents appear to have 
had polyposis, than to postulate that we have here three examples of a rare event with a prob- 
ability not greater than about 64x 10-* if we accept Reed & Neel’s (1955) estimate of the 
frequency of polyposis. 


IV. LINKAGE ANALYSIS 


The study of linkage in man is of intrinsic interest and needs no special justification. The detec- 
tion of a good linkage between the polyposis locus and some commonly occurring genetic 
character would not only allow certain genetic questions to be answered, but also would be of 
some clinical utility. An up-to-date account of the known linkages in man is given by Renwick 
(1961). 

The only account of linkage with the polyposis locus is that reported by Veale (1958) in 
which three sibships were reported which suggested a close linkage with the MN locus. These 
sibships occur in family no. 146 of the present series and are recorded here after retesting of all 
segregating sibships using additional anti-sera. All the tests on family 14b were performed by 
the New Zealand Blood Group Reference Laboratory (Director Dr J. M. Staveley). In the 
remaining families some tests were done by Dr Sylvia D. Lawler, formerly of the Galton Labora- 
tory, and the majority by Miss Ruth Marshall of the Galton Laboratory. The author acknow- 
ledges his indebtedness to these workers and is grateful for permission to use their results. 

A number of people have had their serum proteins examined and have been scored for their 
genotype at the haptoglobin and transferrin loci. All persons examined appeared to be of 
transferrin genotype ‘CC’ and the results have not been recorded here. The haptoglobin types 
(determined by the author) are recorded with the blood groups in Appendix 6. The presence of 
the suffix ‘H’ or ‘W’ signifies the husband or wife of the person to whom the puis has been 
attached. The status of each person with respect to polyposis is recorded as ‘+’, ‘—’ or ‘.’. 
The ‘stop’ ‘.’ only appears for young children whose blood groups have been determined but 
who are too young to be recorded as negative for polyposis with any degree of certainty. These 
persons are not included in any of the linkage tests. 

Sex linkage is rejected as there are many examples of affected fathers passing the polyposis 
gene on to their sons. Various methods of analysing data for autosomal linkage have been 
described and are reviewed by Smith (1953). Tables of values of the probability ratio for sibships 
of varying size and composition resulting from different informative matings are given by 
Morton (1955). An extension of this method in an attempt to include an a priori estimate of 
the probability of two random loci being linked is developed by Smith (1959). The probability 
ratio method is easiest to apply when the parents of segregating sibships have all been tested, 
and the method of ascertainment of the informative sibships is clear. However, the present 
investigation is a retrospective study and, all too frequently, it is found that the parent with 
polyposis is dead. In some sibships it is possible to infer the genotype of the affected parent, for 
the test character, by an examination of the children. Inclusion of such families does not lead 
to any bias in the sample, provided that ascertainment of the family with respect to the main 
character (polyposis) has been via the affected parent. In these circumstances the value of the 
probability ratio is unaltered by the ascertainment of a suitable mating by examining the children 
for the test character (Smith, 1953). 

However, in the present families the method of ascertainment of some sibships is sometimes 
ambiguous. Furthermore, in some sibships where neither parent has been tested for the test 
character, an inferred mating type (even though certain) will only yield information on linkage 
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if the polyposis parent was also heterozygous at the test character locus: the complementary 
mating being uninformative. Such matings, together with those which do not allow any certain 
inference of the untested parental genotypes, combine to make the exact treatment of the whole 
body of data extremely tedious. Accordingly, it was decided to apply a screening test which was 
not subject to all the above complications and to use more exact methods for those loci which 
apparently indicated linkage. 


SIB-PAIR ANALYSIS 


Penrose (1935) described a method of detecting linkage in data consisting only of pairs of 
brothers and sisters of unspecified parentage. Though much criticized, this method remains the 
only means of demonstrating linkage from data with untested parents when the frequencies of 
the genes determining the tested characters are unknown. Later, Penrose (1953) added refine- 
ments to his original method which increased the efficiency of the test. It is Penrose’s (1953) 
‘General Purpose sib-pair Linkage Test’ which is used here for screening the whole data. The 
results when the test is applied to the classical polyposis families are shown in Table 16. The 
cyst families are excluded in case this variant of polyposis should be due to a gene at a different 
locus. It is clear that only one test character gives any indication of linkage, and this is the 
Duffy blood group. It can also be seen that the analysis with the MNSs system has been done 
twice: once with respect to the MN genes alone, and then again taking the S typing into 
account. The s typing has been ignored throughout as the families are heterogeneous with 
respect to its use. Also there is some heterogeneity within some sibships where not all persons 
were tested with anti-s serum. 


TABLE 16. Scores for linkage between polyposis and various test factors, using the General Purpose 
sib-pair Linkage Test of Penrose (1953). Values of p are for a ‘single tail’ test 


Test No. of Score 

factor sib pairs Score S.E. S.E. Pp 
ABO 177 — 3°53 13°85 —0'25 0°40 
Rh 162 +056 18-97 +0:03 0°49 
MN 159 +1906 15°73 +1'21 o'r 
MNS 152 + 15°53 19°38 +080 O21 
IS 154 —8-50 744. —I'l4 O13 
iP, 150 — 15°64 I1‘29 — 1°39 0°08 
Fy 115 +20°70 9°74 + 29r3 O'017 
Hp 35 +0°85 8°32 +0°10 0°46 
Sec. 107 —1°'56 7°63 — 0-20 0°42 
Lu All families Lutheran (a— ) 

Le All persons Le+. See text. 


(The key to the test factors is in Appendix 6.) 


Ceppellini, Dunn & Innella (1959) have described a scheme concerning the inheritance of the 
Lewis red cell phenotype and the secretion of ABH substances in the saliva. The Lewis locus is 
supposed to be occupied by the allelic genes Le and le. The expression of these genes, as 
revealed by the red cell Lewis phenotype, is related to the secretor status of the person tested. 
If everyone is tested with anti-Le* and anti-Le? sera and his secretor status determined, it is 
possible to infer a phenotype at the Lewis locus for the tested person. This may be Le + (cor- 
responding to genotypes Le: Le and Le:le) or Le—(corresponding to genotype le:/e). If only 
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anti-Le* serum is used, then people whose red cells are Lewis (a—) have an ambiguous Lewis 
locus phenotype if they are secretors. If they are non-secretors their Lewis locus phenotype is 
Le—. Persons whose red cells are Lewis (a+) are of phenotype Le+. In the present series of 
families the Lewis locus phenotype is Le + in all cases so that it is not possible to test for linkage 
with the sib-pair method. 

PROBABILITY RATIO ANALYSIS 


In view of the significant result obtained for linkage with the Duffy blood group system, and 
because of the previous suggestion of linkage with the MN locus, these two loci were selected 
for more complete analysis using the probability ratio method. The problem of accurately 
determining the method of ascertainment of the families has been avoided by including all 
families in the analysis. Thus for those families in which the parental genotypes are uncertain, 
all possible matings must be considered and assigned prior probabilities in terms of the known 
gene frequencies of the test character. The probability ratio is then a function of these prior and 
conditional probabilities of the family’s mating type and the value for the recombination 
fraction. The method is described by Morton (1955). 

Including every family in this way ensures that ascertainment is complete with respect to the 
various test characters. Of course, those matings which are uninformative are included, but 
weighted appropriately, so that we may say that all informative matings are included and 
ascertainment with respect to the test character is ‘through the parents’. This is Morton’s (1955) 
notation. Ideally these calculations should be repeated for successive values of the recombina- 
tion fraction, but in view of the extremely laborious algebra involved, it was decided to start 
with a value most likely to give the best indications of linkage. 

Penrose’s (1953) method is primarily concerned with the detection of linkage and not with its 
estimation. However, the method does allow a rough estimate to be made. In both the Duffy 
and MNSs systems the estimate of recombination was close to 0-2 so this value was selected for 
the first calculations using the probability ratio method. 

In those families where the mating type is not accurately known, the prior probabilities of 
a particular mating are functions of the gene frequencies at the test locus. It is assumed that 
the matings with respect to the main character (polyposis) are always heterozygous or affected 
with homozygous normal. The gene frequencies used in the calculations are those given by 
Race & Sanger (1954) for southern England. 


LINKAGE WITH THE MNSS SYSTEM 


The lod scores for each family that is definitely, or possibly, informative, are to be found in 
Tables 17 and 18. The total scores give no suggestion of linkage at a recombination value of 0-2. 
Amongst the classical polyposis families, the major part of the positive scores is to be found in 
family 14. This score is reduced to practically zero when combined with the other families. It 
may be that this is an indication of genetic heterogeneity between families, but the positive 
score of family 14 (+ 0-3565) is not of sufficient magnitude to make this particularly plausible. 

The five ‘cyst’ families show that random segregation of the polyposis and MNSs loci is the 
most likely explanation of the data. 

There is thus no confirmation of the linkage postulated by Veale (1958). 
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TaBLeE 17. Scores for linkage between polyposis and the MNSs system. 
Classical polyposis families 


Lod score Lod score 

Family Parent for c ='o"2 Family Parent for ¢ = 0:2 
5 Il. 8 +0'0817 14 IV. 4 —0°1938 
7 eS +0°1335 18 ey —0'0498 
10 ITT. 9 —0°4047 30 Ig + 0:0637 
10 II. 8 +0:0664. 37 ime) —0:0487 
14 Ear +0°2005 38 AG + 0°3233 
14 1D bers +0:0668 48 Liya —0°0757 
14 IIT. 1 — 00696 50 Ir +0:0418 
14 JOM RS) +0°0637 54 a —0°0492 
14 III. 5 —0°2401 59 1 ho — 071337 
14 ey + 0°1335 59 ABR Gy: —0°1938 
14 Ii. 8 + 0°1335 79 Hy —0°0603 
14 III. 11 —0'0603 UCH Ms i —0°0471 
ae III. 19 +0°3223 Total — 00039 


TABLE 18. Lod scores for linkage between polyposis and the MNSs system. 
‘Cyst’ families 


Lod score 

Family Parent for ¢ = 0:2 
4 IT. 10 —0'1938 

4 II. 8 —0'0405 

46 iz —0'1938 
63 Leas + 0:0666 
63 III. 1 +0°1335 
Total +0:2280 


LINKAGE WITH DUFFY 


The first estimation of the lod score for the classical polyposis families at a recombination value 
c = 0-2 gave a fairly promising result (+ 0-9939); the calculations were repeated for other values 
of c. The lod scores for c = 0 were not calculated as there is at least one certain cross-over 
(recombinant) in a family where the mating type is exactly known. This makes the lod score 
for c = 0, minus infinity, and the probability ratio is zero. 

The lod scores for the various informative families are shown in Table 19 and a graph of the 
probability ratio (antilog of the lod score) in Fig. 9. There appears to be a maximum value about 
c = 0-15 and the possibility of linkage suggested by the sib-pair test is confirmed. The same set 
of calculations for the ‘cyst’ families give the results seen in Table 20. Here the calculations 
include the case of c = 0, as there is no certain example of crossing over having occurred. The 
graph of the probability ratio for the cyst families, and for both sets of families combined, is 
also shown in Fig. 9. The values of the probability ratio used for drawing Fig. 9 are in Table 21. 

If linkage is actually present in the classical polyposis families, the addition of the cyst 
families increases this probability and this can be interpreted as tentative evidence that either 
the same locus is involved in both forms of polyposis or that, if different loci are involved, they 
are on the same chromosome. Assuming that one of these two possibilities is true, we find that 
the whole body of data is more than twenty times as likely to be due to linkage, with a recombina- 
tion value of about 0-15, than to random segregation of the polyposis and Duffy blood group 
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loci. Smith (1959) would extend the present calculations to yield a final probability of linked 
loci. This method assumes that the a priori probability that two random autosomal loci are 
linked is 1:22 (4-5 %). This calculation on the combined data gives a probability of linkage of 
approximately 30 %. 

Thus there is a distinct possibility that we are, in fact, observing true linkage: but a more 
detailed examination of the individual families reveals that the major part of the positive score 
in the classical histories is due to one sibship of seven sibs (parent = 14, IIT. 1). In the absence 
of this sibship only the lod scores for c greater than 0-2 would still be positive. 

Amongst the ‘cyst’ families, the offspring of 63, III. 1 include 63, IV. 3 who, although blood 
grouped, has not been included in the linkage analysis as negative for polyposis because she is 
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Fig. 9. Graph of the probability ratios obtained for linkage between the polyposis and 
Duffy blood group loci. The values plotted are from Table 21. 


TaBeE 19. Lod scores for linkage between polyposis and the Duffy blood group for 
various values of the recombination fraction ‘c’. Classical polyposis families 


Family Parent c = o'10 O15 0°20 0°30 

5 IL. 8 —0'1453 —o'1068 —0'0757 — 0'0320 
4 II. 5 —=0:075'7 —0'0568 —0'0410 —0°0177 
10 AaB ae) —0°1323 +0'0346 +o-1116 +0°1227 
14 18 —0'0757 —o0:0568 — 00410 —0°'0177 
14 III. 1 +1°1980 + 1:0318 +0°8589 +0°4994 
14 II. 8 —0'0049 —0'0037 —0'0027 —0'0012 
18 tig +0°0302 +0°0233 +0°0173 +0:0078 
30 es —0'1453 —o'1068 —0'0757 — 0'0320 
37 ne + 0°0302 + 0°0233 +0°0173 +0:0078 
38 Il. x —0'1026 —0'0783 —0'0574 —0'0254 
48 s3 —0'2104 —O'1512 —0°1057 —0:0438 
50 bet +0:1087 +0:0856 +0:0645 +0:0298 
54 1.3 +0:0987 + 00936 +o0811 +0:0456 
59 II. x +0:0645 +0'0502 + 0'0374. +0'0170 
59 III. 14 —0'0219 —00167 —o'0122 —0°0054 
79 II. 2 +0°0367 +0:°0290 + 0°0220 +0°0103 
WICH Mele y +0'2460 +0°1996 +0°1549 +0:0757 


Total +0:8989 +0°9939 +0°9536 +0'6409 
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only 10 years of age. Should she not develop polyposis, her inclusion in the ‘cyst’ family data 
will mean at least one certain cross-over, and the present total scores for these families will all 
be reduced to nearly zero. The scores for the ‘cyst’ families are thus unstable and no conclusion 
about the identity of the loci involved in the two forms of polyposis is warranted. 

These observations mean that the present indications of linkage between the polyposis and 
Duffy loci may easily disappear as further data are collected. 


TABLE 20. Lod scores for linkage between polyposis and Duffy blood group, for various 
values of the recombination fraction ‘c’. ‘Cyst’ families 


Family Parent c = 0°00 (oop Ke) O15 0°20 0°30 
4 II. 10 — 0'0300 —0'0190 —0'0144 —o'0106 —0°0047 
4 IT. 8 — 0°0336 —0'0212 —o-o161 —o-o118 —0°0052 
46 Hoy +0'3405 +0:2460 + 01996 +0°1549 +0°0757 
63 HI —0°0209 —O'o150 —0'0120 —0'0091 — 0'0043 
63 18 gr +0°3010 +0:2148 +0°1732 +0°1335 +0:0645 
Total +0°5570 +0°4056 +0°3303 +0:2569 +0°1260 


TABLE 21. Antilog of the total lod scores for the different classes of polyposis families giving the 
probability ratio for linkage between polyposis and the Duffy blood groups 


The various values obtained for different values of the recombination fraction c 
are plotted in Fig. g. 


€ = 0:00 oro O15 "20 0°30 
Cyst families 3°6 2°5 25 1°8 E-3 
Classical families o'0 79 9°9 9°0 4°4 
All families tooo) 20'2 2I°l 16:2 5°8 
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APPENDIX 1 
Polyposis families 


Key to Appendix | 


Column (1) Family number. 
(2) Individual index number; * = propositus. 
(3) Year of birth. 
(4) Sex. 
(5) Parent. 
(6) Age at onset of symptoms. 
(7) Age at diagnosis of polyposis. 
(8) Age at diagnosis of cancer. 
(9) Cancer of colon: + = affected, (+) = probably affected, — = unaffected. 
(10) Cancer of rectum: + = affected, (+) = probably affected, — = unaffected. 
(11) Age at death. 
(12) ‘Adjusted’ age at death. 
(13) Remarks. IRA = ileo-rectal anastomosis. 
. Not known 
oe Deduced case of polyposis. a Cancer of colon. @ Proved polyposis with 
cancer of colon and rectum. 
rofl Proved case of polyposis. Ss Cancer of rectum. 
ae ‘Bowel ams f liver’ «a Propositus. 
owel cancer’, ‘cancer of liver’, etc. 
l 
I 
Hil 
IV 7 
I 2 3 4 5 OnE Pau 9 TOME Tum S 13 
er aL. 1 1840 M 56 (+)- (4) 2 
re Ae 1864 M I.1 Ge) (4+) 46 4. 
wy Jab 1867 EF I.12 ((e ) ae | (0) + r Said to have died from cancer 
oy Te) roog Ist (ey) CE) 7 s4 1-2. of the rectum 
re AB ier 1870 M I.1 (Ga) iG) So 
ELL 5 Rolph say OM aie (+) (+) 27 ' 
PLL Tova aby GL aT ag o: wet. be over examined. Well in 1952 
me J1h5, BO 757 teh leek (+) (+) 44 .. Said to have died from cancer 
of rectum 
Pelle S-TOLN wet we. FLT are tk oe at 56 -. .. 3 sibs untraced 
sy SMWIE oy 1886 M II.1 AZ. 843, 850. pat + 62 57 Died of recurrence 
Te Ls 1890 F II.1 B Be Fae .. .. Alive and well 1951 
Tepes 1893 “Hew x Ph “37. OF aot — 67 67 Inoperable cancer 
resLiis4 neog) HAYES 20) 711152 hes ine SIO res Colectomy aged 31 
TLDS 5 7804 UHseLls 3 : a +4 993} h5 Polyposis not diagnosed 
TVs 65-7 Ledeblt 3 abies cls. bibs as t3 + we «©. (2-sibsiuntraced 
tT) UVe2 toZsmeMITLT. x, 27 277 «- _ - oon) ist JURA Ab 27 
t bVieg gouSteMiyiTl.3. s+ gor... —— =r. wae. SLocal removal of polypi 
TL cv. 1923 M IIl.3 en, aecege Ad ote na ae .. .. Examined and unaffected aged 
25 and 29 
rt DVes 191s M IIl.4 $5. 48+ |. - — _ .. .. Local removal of polypi 
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6 sibs dead, but not from cancer 

Operation at 30. Died of 
recurrence 

Colectomy aged 22 

Said to have died from cancer 
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3 sibs untraced 


13 
Said to have died of cancer of 
colon and/or rectum 
No treatment. Alive and well 
IRA at 22 
Never examined 
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Polyposis not diagnosed. 

Cysts present 
Negative in 1952 
Negative in 1950 
Negative in 1952 
Polyposis not diagnosed 
Negative in 1952 
Negative in 1950 
Never examined. Well in 1954 
Inoperable cancer 
Refused examination 1952 
Refused examination 1952 
Negative 1950 
Negative 1954 
IRA at 29 
Negative 1954 
IRA at 28 
IRA at 25 
Negative 1957 
IRA at 24 


13 

Said to have died from cancer 

Said to have died from bowel 
cancer 

Never examined 

Never examined 

Said to have died from 
intestinal cancer 

Said to have died from in- 
testinal cancer 

Cause of death pneumonia 

Alive 1951 

Alive 1957 aged over 70 

Polyposis not diagnosed 

Operation at 38 

Cause of death ‘consumption 
of bowels’ 

Negative 1952 

Never examined 

Inoperable cancer 
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Cause of death not known 

Said to have died from 
abdominal cancer 

Said to have died from 
‘ovarian tumours’ 

Said to have died from ‘cancor 
of liver’ 


Said to have died from intestinal 


cancer 

Polyposis not diagnosed 

Alive and well 1939. Not 
traced since 

Polyposis not diagnosed 

Alive and well 1938. Not 
traced since 

Polyposis not diagnosed 

Operation aged 53 

Negative 1959 

Polyposis not diagnosed 

Nothing else known 

Said to have died from bowel 
cancer 

Polyposis diagnosed at post- 
mortem 

Said to have died from bowel 
cancer 

Negative 1959 

Negative 1960 

Negative 1959 

Negative 1959 


13 
No other information 
Not traced since 1938 
Not traced since 1938 
Said to have had polyposis 
Inoperable cancer 
Died post-operation 
IRA at 31 
Negative 1953 
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13 
Polyposis not diagnosed 
Said to have died from multiple 
cancer 
No treatment. Killed in war 
Died post-operation 
Inoperable cancer 
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13 
Said to have died from cancer 
of bowels 
Cause of death not known 
Polyposis not diagnosed 
Said to have died from bowel 
cancer 
Said to have died from cancer 
Alive and well 1954 
Alive and well 1954 
Polyposis not diagnosed 
Died of pneumonia 
Alive and well 1954 
Died of recurrence 
Alive and well 1954 
Said to have died from sarcoma 
Polyposis not diagnosed 
Alive and well 1954 
Procto-colectomy aged 48 
Inoperable cancer 
Alive and well 1954 
Died post-operation 
Alive and well 1954 
Alive and well 1954 
Alive and well 1954 
Not traced since diagnosis 
Killed in accident 
Killed in war 
Not traced since diagnosis 
Refused operation 
Negative in 1938 
No treatment 
Alive and well 1951 
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No treatment 

Negative 1953 

Negative 1954 

Negative 1954 

Negative 1954 

Negative 1952 

Negative 1952 

1 polyp 

IRA at 22 

Negative 1952 

Refused examination 1952 

Not examined 

Negative 1960 

No treatment 

No polyps seen when 8 years 
old. No treatment 

IRA at 17 
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47... No other information 


Not traced since age 40 


29 .. Said to have had intestinal 


disease. Died of pneumonia 


ime 12 13 
40 .. No other information 
60 .. Died from a stroke. Not 
examined 
Never examined. Alive and 
well 1958 


22 Operation at 21 
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2? .. Said to have died from bowel 
cancer 
47 48 Died post-operation 
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13 

Cause of death, ‘tympanites’ 

Said to have had bowel cancer. 
Death certificate: heart failure 

Cause of death, heart failure. 
Assumed polyposis 

Cause of death, heart failure 

Cause of death, said to be 
typhoid fever 

Polyposis not diagnosed 

Site of cancer not specified. 
Polyposis not diagnosed 

Polyposis not diagnosed 

Polyposis not diagnosed 

Site of cancer not specified. 
Polyposis not diagnosed 

Died of recurrence 

Negative 1954. Alive and well 
1959 

Polyposis not diagnosed 

Operation at 49 

Negative 1953. Alive and well 
1959 

Negative 1951. Died of 
tuberculosis 

Refused operation. Polyposis 
seen post-mortem 

Polyposis not diagnosed 

Cause of death, acute nephritis 

Negative 1954 

Died of recurrence 

Declined examination 1954. 
No bowel symptoms 

Negative 1948 

Negative 1954 

Died post-operation 

Operation aged 38 

Negative 1953. Alive and well 
1959 
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ui 2 3 4 5 (i GP fs 9 rome agit Gwe 13 
T4 FLV 216 TOTs s evl ee Eley a WR as a ake .. .. Negative 1953. Alive and well 
1959 
TAy EV 7 rT Thee | II ae ee RR ORR A Tks a -» «. «+ Negative 1954. Alive and well 
1959 
r4y WV. £023 NE UL Sy poe eee tes Bt a .. .. Negative 1954. Alive and well 
1959 
14 IV.9 go25¢ shyt LIT 18 18 Se 7 et — 28 28 Died of recurrence 
Tota 0 To20, gH | els SX ge aie Negative 1954. Well 1959 
ra LV cour 1928 M III. 2 Negative 1954. Well 1959 
14 W¥.32. (1923 5M. Wilt 2 Not examined. Well 1959 
t4 QhVourd TOT et eee h Negative 1954 
I4 @LV 15 1928 M IIl.5 Negative 1953. Well 1959 
14 IV. 16 7O30) el Thos em MLNs ee a .. .«. Negative 1953. Well 1959 
EAD UN ey 1930 tis 23 eee. — - .. .. Refused treatment 
14 )Vs.18 1938 6H LL Not examined. Well 1959 
14 IV.19 1940 M III. 5 Not examined. Well 1959 
14 IV. 20 1942 M IIl.5 Not examined. Well 1959 
14 IV. 29 7O223\ Matt 7 To) Jo ee ae .. «+ Negative 1953. Well 1959 
14 IV. 30 TO25 eet SUL 77 AQ ne - _ .. «+ Polyposis diagnosed by 
obstetrician 
pk IM ey chr TO2AN OH eeE LIS 20m. - - .. «+ Operation at 30 
Ta HaLVieg2 no27 WMwIGTT..8.. GF 264). . = _ .. «+ No treatment 1958 
TaeeVent roog™ M HIT. rr. 30) 314%. - - .. «+ Local removal of rectal polyps 
Tm AViaA2 opp ro MPR RMSE Sis ane jae ae Ac .. «+ «- Negative 1955. Well 1959 
14 IV. 43 Tors) WELL 11) 20 oo. - + 32 .. Polyposis not diagnosed 
14 IV .i44ed¢xorsyaMeelil 11 28° 20. ~ - .. «+ Local removal of rectal polyps 
14 IV. 45 nope ih HERES S Oe Fs Geib nd | ac ..  «. «+ Negative 1953. Well 1959 
14 IV. 46 O22 SOVIMNELT 116 F. ke owes 3 a .. ++ Negative c. 1950. Well 1959 
14 UY.. 47 TOs4A MMT 1 7. gO =. _ - 2. 606s LRA 30 
14 EVE4S 9h 1o2SeMey en re ee ye eee -.  «s «+ Negative 1954. Well 1959 
TA ULVnGo IE To31ee he CLIT. 19) “Ae ir6 ). = oy eee os MLA At 2m) 
14 PEVNGE TOZSMOLMOULT TO) ee el | ets 6 co .. «+ Negative 1954. Well 1959 
14 IV. 62 TOSSHMEL POLL. To, ER. oe. RG ot .. .. Negative 1954. Well 1959 
14 IV. 63 ToSOmen LIL, 19 fe 17% 18 S4- = .. 19 IRA at 18 
14 IV. 64 £03780 EN GIN 19, wee .b4) oh 5¢ .. «+ Negative 1954. Well 1959 
14 IV. 65 TOSOMOE MULLS TO ese) ers aM 39 .. «+ Negative 1954. Well 1959 
4) Ve 4. 1932 M IV.3 As ee eae a ai .. «+ Negative 1958 
14 V.5 RO ZS GWEN. 3.4 cle Nosed pence meres -.  «e «+ Negative 1953. Well 1959 
TAG vGO 1931 M IV.4 Stat emer — Sao op Uakevela oe 
15. 
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T5eue ol exer Fell te os ee ee (+) (+) 40 .. Said to have died of intestinal 
cancer 
vie dllleas a oval eset | eich <a Mays -. .. «. Alive and well 1941. Untraced 
since 
15) LL.2 eon THO foal? fr se ee ee) 6 (+) 6(4+) 00? Sw.) Said to have died of intestinal 
cancer 
5 Ul ag . 1 Pree eg AR ck sree A op eed (at ae 2? ~.. Said to have died of intestinal 


cancer 


EE: 


iil. 


Sst § ZEAE 


Sxaae = Bas 


~ 
* 


HHssss & 
Qwwwnp 


= 


APPENDIX 1 


Ga S 
BO 301) 35 
G0" 35.035 
28 42 43 


73 


30 


30 


52 
74 
31 


31 


74 


33 


31 


10 


2G 


31 


12 


12 


52 


74 


34 


31 


63 


13 

Said to have died of ‘tubercu- 
losis of bowels 

Said to have died of tubercu- 
losis of bowel 

Said to have died of cancer of 
rectum 

Said to have died from intestinal 
cancer 

Polyposis not diagnosed 

Polyposis not diagnosed 

Inoperable cancer 

Said to have died from cancer 
of rectum 

Excision of rectum age 21. 
Died cancer of colon aged 36 

Negative age 30 

Inoperable cancer 

Not examined 


13 

Nothing else known 

Said to have died from cancer 
of rectum 

Said to have died from cancer 
of rectum 

Known to have had polyposis 

Nothing else known 

Alive and well 1951 

Polyposis diagnosed at post- 
mortem 

IRA at 33. Cancer of rectum 
at 35 

Said to have died from cancer 
of colon 

Negative 1950. Well 1961 

Negative 1950. Well 1961 

Inoperable cancer 

Not examined 

Negative 1961 

Negative 1961 
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Polyposis not diagnosed 

Not examined. Well in 1951 

Operation aged 46 

Not examined. Well in 1951 

Not examined. Well in 1951 

Not examined. Well in 1951 

Died from bowel haemorrhage 

Said to have had bowel cancer 

Cause of death, Hodgkin’s 
disease 

Negative aged 26 

IRA at 25 

IRA at 24 


13 


Said to have died from bowel 
cancer 

Never examined 

Died from acute pancreatitis 

Inoperable cancer 

IRA at 24. Died later from 
obstruction 


13 


Nothing known 

Cause of death, nephritis 

Cause of death, prostatic cancer 

Not seen. Said to be alive and 
well 1950 

Cause of death, bowel cancer 
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5 627: 9 TOR Ute e rs 
Ups F562 _ + 35 .. Polyposis not diagnosed 
or. _ =|: 28 .. Polyposis not diagnosed 
Leeren + ¢ Not examined. Alive and well 
1952 
10 8} niet es eee ote nit 5E .. .. Not examined. Alive and well 
1953 
A eee Re aet: 589 ae .. .. Negative 1950 
ices Aiea y orbs bs a3 .. .. Negative 1950 
4 Td Ge Gd oe Br .. .. Not examined. Well 1953 
IT. 4 we ee ee) 6 (+) «6O(4++)) «02t .. »=Said to have died of bowel 
cancer 
13s Sup SBS _ + 37 37 Inoperable cancer 
1M dy GS od — — os on Late rs 
ELE Gilet sae Ons. - - =. «a» DURA at 18 
TTT. 69% “ret rset 5. _ = .@ .. SURAtab16 
TROIS ye Ger? soc Le a .. .. Negative on all examinations 
III. 6 IOP er - — os oo MUR APatira. 
DBE Eo Wis coe =- ~ ee plArat Ts 
(HMENGY Yr We) Se - - .. ». IRA at 16 
5 he Gao} 9 LOmMee Dimer 2 13 
Not examined. Alive and well 
1950 
Not examined. Alive and well 
1950 
Niet 5 Mic ec 3 6 .. .. Negative aged 32 
Dai, 2) 22) 2489... — — a. Sun Arai 24 
5 Oona: 9 ita @ Th 7 13 
oe ns pa comer ® me oa .. ..« Nothing known 
ore Se aoe 58 ee .. .. Nothing known 
Ten, 12 Negative 1950 
I, 2 Negative 1950 
eT v2 oe se met: ae a .. .. Negative 1950 
Tigre, Pay yh ig Sp + .. «+ Operation at 27 
Teclsh a) 0 Mote ketene akeNs C Negative 1950 
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Not examined. Alive and well 
1951 

Not examined. Alive and well 
IQ51 

Not examined. Alive and well 
1951 

Not examined. Alive and well 
1951 

Operation aged 26 

Not examined. Alive and well 


I95I 


13 


Polyposis not diagnosed 
Died of recurrence 

Five sibs never examined 
Operation at 45 

IRA at 40 

Negative 1950 

Operation at 25 

No treatment 


13 


Died of ‘stricture of gullet’ 
Alive and well aged 64 
Inoperable cancer 


13 
Cause of death, angina 
Cause of death, breast cancer 
Cause of death, cancer of groin 
Alive and well aged 86 
Alive and well 1951 
Alive and well 1961 
Inoperable cancer 
Not examined. Alive and well 
1961 
Not examined. Alive and well 
1961 
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13 


Cause of death, peritonitis 
after appendicectomy 
Alive and well 1960 


Negative 1948. 
1960 

Not examined. 
1960 

Not examined. 
1960 

Not examined. 
1960 

Operation at 21 


Alive and well 


Alive and well 


Alive and well 


Alive and well 


13 


Cause of death, 
degeneration 


myocardial 


Said to have died of ‘cancer 


of womb’ 

Not examined. 
1951 

Not examined. 
1951 

Not examined. 
1951 

Not examined. 


1951 


Alive and well 


Alive and well 


Alive and well 


Alive and well 


Died of recurrence 


13 
Said to have died of bowel 


cancer 


IRA at 33. Died of heart 


failure 


13 


Cause of death, 


Cause of death. 


Cause of death, 


haemorrhage 
Not examined. 
1960 


Cause of death, 


Not examined. 
1960 

Not examined. 
1960 

Operation aged 


stroke 
tiabetes 
corebral 


Alive and well 


stroke 
Alive and well 


Alive and well 


29 


Killed in accident 
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2 3 4 5 Oe oo 9 ste. Se “3h 13 
Leer M 58 .. Cause of death, heart failure 
dines i F sie Si apest iaade ors an ae 81 .. Cause of death, ‘thrombosis’ 
Ji ite TSO2 pete 05,2 ena a des .. .. Not examined. Alive and well 
1951 
II. 2 ne STov We aly) Iwrall ies es ee a oe are ate .. .. Not examined. Alive and well 
1951 
Ey 1897 M* I.1,2 36 46 46 + + 61 47 Operation aged 46 
1B ey 1099 M I.1,2 .. .. .. (+) (+) 45 + .. Said to have died from ‘cancer 
of liver’ 
IIT. x 1923 Ue Le AP cee ae ae .. .. Negative 1953 
III. 2 TO2A we Luella nae ced hs oe ae .. .. Negative 1953 
III. 4 ery i BE oe re .. «. «. Not examined. Alive and well 
1953 
2 3 4 5 > Fe Te 9 LO et ti 13 
isi se ly (+) (4+) 2? .. Said to have had bowel cancer 
lee 1873 M ae .. 48 .. Killed in accident 
3 1876 F 84 .. No bowel trouble 
II. 1 TOOS Hela. 3 a Not examined. Alive and well 
1962 
II. 2 FiGfel pris ale eoRey 9 SEs AS) ae te a .. .. Not examined. Alive and well 
1962 
1g: TOUT wee elieos Qt a ee ey Bn .. ¢.30 .. Not examined. Killed in War 
Cc. 1941 
II. 4 TOA MG 2; ea ee a es .. .. Not examined. Alive and well 
1962 
IL. 5 ro10° (F* [254 a23 «25 aes + 28 .. Died post-operation 
2 3 4 5 67 aS 9 TO Slr | 12 13 
Ue M 2? .. No information 
Wi) Be ag aie Ay eo ene one a .. .. Alive and well 1947 
II. x TOL7, 4 MA Li, s20Nn28 ee8  — + 30 .. Died of recurrence 
2 3 4 5 G2aee7 Pane 9 TOU tee 13 
iki ° M .. .. Alive and well 1951 
ME?) F 2 .. Died in child birth in 1907 
LE ix LOOZz MEM y ger 2 0 ey) ety oe eer -» «. .. Alive and well 1958 
Liss 1005 a No@lst,2° 3.) 3.38 — + 48 .. Polyposis not diagnosed 
II. 3 ToOv MEMS #141, 2. sp, Foeu ae. + — 34 .. Polyposis not diagnosed 
III. x 1926 E* 1.2 22a 2 3s eae — 9 ve). oie MALEWA A bi2r 
iWH lee TO2SmemL: 2 Negative 1951 
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13 

Alive and well 1958. 
examined 

Alive and well 1958. 
examined 

Alive and well 1958. 
examined 

Alive and well 1958. 
examined 

IRA at 37 


Not 


Not 


Not 


Not 


13 


69 


Said to have died of ‘neoplasm 


of pylorus’ 
Nothing known 
Negative 1954. 
Alive and well 1953 
Died of pneumonia 
Alive and well 1951 
Only 1 polyp seen 
Two polyps seen 


13 
Killed in accident 


Negative 1951. Died of heart 


failure 
Died of recurrence 
Polyposis not diagnosed 
Negative 1951 
Negative 1951 
Not examined. 
passed blood 
Not examined. Well 1951 
Negative 1951. Well 1961 
Negative 1951. Well 1961 
No treatment 
IRA at 13 
Negative 1951. Well 1961 
No treatment 
No treatment 
Negative 1961 
Negative 1961 
Not examined. Well 1961 


Said to have 
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Cause of death, ‘chest trouble’ 

Cause of death, old age 

Not examined. Alive and well 
1951 

Operation at 44. Polyposis not 
diagnosed 

Cause of death, ‘angina’ 

Alive and well 1951 

Died of influenza 

Died post-operation 

IRA at 22 

Negative 1951 


13 

Alive and well 1951 

Alive and well 1951 

IRA at 40. Proctectomy at 46. 
Well 1960 

Alive and well 1960. Not 
examined 

Negative 1952. Alive and well 
1960 


13 

Not examined. Alive and well 
1962 

Not examined. Alive and well 
1962 

Not examined. Alive and well 
1962 

Not examined. Alive and well 
1962 

IRA at 17. Alive and well 1962 


13 
Alive and well 1951 
Died in 1940’s but untraced 
Died post-operation 
Alive and well 1951. Not 
examined 
IRA at 17 


13 
Not examined. Well aged 76 
Not examined. Well aged 70 
Not examined. Well aged 41 
Operation aged 32 
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13 

Cause of death, coronary 
occlusion 

Cause of death, heart failure 

Not examined. Alive and well 
1962 

Not examined. Alive and well 
1962 

IRA at 36. Well 1962 


13 

Said to have died of bowel 
cancer 

Drowned 

Said to have died of bowel 
cancer 

Died of recurrence 

Cause of death unknown 


13 
Died of ‘colitis’. Polyposis not 
diagnosed 

Negative 1954. Well 1962 
Negative 1954. Well 1962 
Negative 1953. Well 1962 

IRA at 30. Well 1962 
Negative 1953. Well 1962 


13 

Said to have died from bowel 
cancer 

Said to have died from bowel 
cancer 

Said to have died from cancer 
of liver 

Said to have died from bowel 
cancer 

Said to have died from cancer 
of spine 

IRA at 44 

Bowel cancer. Died post- 
operation. Polyposis not 
diagnosed 

Refused examination. 1953 

Died 1 year after operation for 
bowel obstruction 
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13 
Polyposis not diagnosed 
Cause of death, heart disease 
Cause of death, breast cancer 
Polyposis not diagnosed 
Polyposis not diagnosed 
Said to have had cancer 
Said to have had cancer 
Cause of death, breast cancer 
Polyposis not diagnosed 
Alive and well 1961 
Colectomy aged 59 
IRA at 54. Well 1961 
Negative 1954. Died of cancer 
of bronchus 
Alive 1961 
No treatment. Only 3 polyps 
seen 
Died of pneumonia 
Alive 1961 
Alive 1961 
Alive 1961 
Alive 1961 
Alive 1961 
Alive 1961 
Local treatment only 
Negative 1954 
Negative 1956 


13 
Said to have had bowel cancer 
Polyposis not diagnosed 
Polyposis not diagnosed 
IRA at 42 
IRA at 33 
Negative 1953 
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73 
Ti? 12 13 
41 .. Said to have had lump in 
abdomen 
32 .. Polyposis not diagnosed 
.. .. Alive and well 1961 
35 IRA at 34 
ie ie 13 
29 .. Cause of death, bacterial 
endocarditis 
se Alive 1953 
28 .. Died of recurrence 
F1yst2 13 
36 .. Said to have had bowel cancer 
25 .- Died post-operation 
me 13 
Not examined. Well 1953 
Not examined. Well 1953 
Alive and well 1958. Not 
examined 
33 IRA at 32 
.. Alive and well 1958. Not 
examined 
Alive and well 1958. Not 
examined 
Alive and well 1958. Not 
examined 
Alive and well 1958. Not 
examined 
No treatment. Well 1961 
Negative 1954. Well 1961 
he 
5 if 
Seer ig 
71 .. Cause of death, brain tumour 
49 .. Said to have died from cancer 
51 .. Said to have had colonic cancer 
49 Said to have had cancer 
.. .. -IRA at 30 
45 .. Died post-operation 
.. .. Negative 1954 
33 -- Polyposis not diagnosed 
te Well 1961. Not examined 
.. Negative 1955 
42 IRA at 41 
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13 
IRA at 39 
IRA at 29 
Negative 1956 
Died of medulloblastoma 
Negative 1960 
Not examined. Well 1961 
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13 


Said to have died of peritonitis 

Said to have died of typhoid 

Cause of death unknown 

Polyposis not diagnosed 

Polyposis not diagnosed 

Cause of death unknown 

Polyposis not diagnosed 

Polyposis not diagnosed. 

Polyposis not diagnosed 

Alive and well 1953. Not 
examined 

Said to have had bowel cancer 

Polyposis not diagnosed 

Not examined. Alive and well 
1953 

Rectum and descending colon 
excised aged 54. 

Not examined. Alive and well 
1953 

Polyposis not diagnosed 

Inoperable cancer 

Polyposis not diagnosed 

Not examined. Alive and well 
1953 

Cause of death not known 

Negative 1953 

Negative 1954 

Negative 1953 

Not examined. Well 1953 

Not examined. Well 1953 

No treatment 

Killed in accident 

Not examined. Well 1953 

Negative 1953 

Negative 1953 

TRA at 30 
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3 4 5 67 78 9 TOm nrle ere 13 
TOT 7 Ve Lees eee ce Ae .. .. Negative 1953 
TOZO ate LLG Te prea cee eee ne me .. «. Negative 1959 
TOSSeP Le ete Larr) oo eee Ae 8 .. .. Negative 1955 
£0350) He LV 2 Ay protein Se we .. .. Negative 1953 
1938 Pues 3 Ff see BRC - = feos LEvArat 21 
FORzQ-MY LV. 3 eg” =A oe Hi .. .. Not examined. Well 1960 
1941 M IV.3 Wo Se r. 3 .. .. Not examined. Well 1960 
56 57 (Cysts) 58 
{4 Ae) 
HT ia 
3 4 5 Geer ees, 9 Me) Satin hie 13 
1871 M .. .. Alive aged 81 
1882 F bs ere om th < -. 54 .- Death not due to bowel cancer 
roOs a M* Tor; 2. 26. 44. 44 9+ = .. .. Operation aged 44 
LOTOMs Mees ls, Te Diese mere m area due Alive 1952. Not examined 
ROTCH MS Tears © mes) oe aiees ae . Negative 1955 
POO me NCL Ts 2 era ive ois .. .. «. Negative 1952 
ROZOn EH | Nears 2 Not examined. Well 1955 
TO2As Vee LT. 2 Negative 1954 
3 4 5 65 7418 9 IO:- 10% 12 13 
1896 F - + 50 .. Polyposis not diagnosed 
1901 F ate Negative 1954. Well 1960 
1903 F Sst 220t ome <8 ce .. .. Not examined. Well 1960 
1905 M* A2w a AQ sess — — 55 .. IRA at 49. Died from mela- 
notice sarcoma 
Toga, ML 4 A ied BS bes .. .. Not examined. Well 1960 
TiC fy eg Shea ing TOo) ox - _ ~ a LAD abir6 
1941 M I.4 EAa Mots _ ~ te tet UR ATatirS 
Toase ft, Tad we Negative 1958. Well 1960 
3 4 5 Ge 7+ 8 9 TOME Kamel 2 13 
1909 M ye ey he Bs ee .. «+ +. Not examined. Alive and well 
1962 
TOTOMU SMLET, 2) NP et fae So at .. .. Negative 1955. Alive and well 
1962 


TOSOM OM Sie w,. 2 * 154 (TO a. = —- .. ,. ‘IRA at 18. Well 1962 
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(+) 
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30 


30 


33 
36 


35 


28 


28 


33 


13 

Died of rectal cancer 

Died of rectal cancer 

Nothing known. Presumed 
polyposis 

Alive and well 1961. Not 
examined 

Alive and well 1961. Not 
examined 

Alive and well 1961. Not 
examined 

Said to have died of bowel 
cancer 

Alive and well 1961. Not 
examined 

Alive and well 1961. Not 
examined 

Said to have died of rectal 
cancer 

Said to have died of rectal 
cancer 

Alive and well 1961. Not 
examined 

Said to have died of rectal 
cancer 

Died of recurrence 

Alive and well and older than 
40 in 1955 

Alive and well and older than 
40 in 1955 

Information from family doctor. 
Polyposis not diagnosed 

Information from family doctor. 
Polyposis not diagnosed 

Negative 1960 

Well 1960. Not examined 

Well 1960. Not examined 

IRA at 9. Well 1962 

Negative 1958 

Negative 1958 

Negative 1958 
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Zak 
HI 
3 4 5 6 71483 9 TOU BL te Bre 13 
1898 F - + 53 .- Died of rectal cancer 
TOzS a velo aa Alive and well 1957. Not 
examined 
Toz7m M*. des 20m 20a: - a Sen ee LEU abr 20) 
TO34 eeltinsleyt Scr ae 4% Pa .... Alive and well 1957. Not 
examined 
3 4 5 Og 2 7Eaeo 9 TOu 1 Lt 13 
M 55 .. Cause of death, angina 
F ae Sr san Bee fe .. 63... Cause of death, thrombosis 
M I.31,2 .. .. «.- (+) (+) 50 .. Said to have died from bowel 
cancer 
TSO SMR VEIT, 20 8 lac te a es .. « .. Alive and well 1957. Not 
examined 
M I.1,2 .. .- -- (+) (+) 57 =~. =(‘Thought to have had bowel 
cancer 
TSOQO mNigelyt, 2, i. (61... _ - .. .. No treatment 
TOOSdsViN LPT, 2, .2 somes ne .. .. ». Alive and well 1957. Not 
examined 
M I.1,2 .. .. -- (+) (+) 29 =.. Said to have had cancer of the 
liver 
TOOMMPEABSa Ty 2 cil ee a's ele .. .. .. Alive and well 1957. Not 
examined 
niGfeyy Wi RR i Ao ig ce .. .. .«. Alive and well 1957. Not 
examined 
1929 M II.1 fa thie (aM .. . .. Alive and well 1957. Not 
examined 
agye 1 Panis: Be Ms We ere .. .. .. Alive and well 1957. Not 
examined 
1930 F II.4 Este, eas | eioae Bete .. «. «. Alive and well 1957. Not 
examined 
1932 M* II.4 ey PR oo = —- .. .. TRA at 25 
3 4 5 (Sj Gp as 9 TOD fie kz 13 
1895 M (+) (+) 40 .. Said to have had bowel cancer 
1913 M I.1 ce gel tiey Oaere .. «. «+ Negative 1958 
TOZOM OL en. I seein eet! OF ..  «- «+. Negative 1958 
1922 M* I.1 eel EE oon = —- .. .. TRA at 34 
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63 (Cysts) 64 (Cysts) 65 


| 1@ l 19 | 1 20 


(Cysts) 

I 2 3 4 5 65 17S 9 TO.) I 12 13 

ep deh 1877 se 5G oh woe - + 53 -. Polyposis not diagnosed 

(oy LEIS 5 1898." HY Sea cet ee ow e)«6CH) + (+)% 258 .. Died of cancer 

Czy cll, e TOO Mi eee Ati Sagissntie okoe Sr .. .. Negative 1959 

Osis 1904 M I.1 no em) 6a Abe .. «. .. Alive and well 1961. Not 
examined 

63 I1.4 1907 M I.1 hee am HOT DE .. .. Negative 1957 

63 II.5 1910 F It ‘oe Woon + 33 ..- Died post-operation for rectal 
cancer. Polyposis not 
diagnosed 

630516 1912 M I.1 OR 8 Pp ee ++ «+ «- Negative 1957 

63 I1.7 1913. MerMedies Aceh voip 435 .. . ..  .. Alive and well 1961. Not 
examined 

O20 Las 1917 70 "eel 38 40 40 + + .. 41 Operation aged 40. Well 1962 

63°" Ll. 65 1923) “ces: oe 348. tate —.. .5: 1 welRA at 34 

ey LHI 1922 Homat. 7 a AG or - -. 36 IRA at 35 

(Fey MUG 23 1941 M I1.8 Ae ae lao -.5 .. «. -Negative 1957 

63 PLV. x 1944 F IIl.1 1340 or _ - .. .+ No treatment 

63 IV.2 1945 M III.1 £2 ene = - .. .. No treatment 

63 IV.3 1948 M IIl.1 Negative 1958 

G3 ever. 1952 EM x Alive and well 1961. Not 
examined 

(Cysts) 

I 2 3 4 5 (ie eh ts 9 TOM Tare 13 

64 ltr es th ee eee ee) 6 (4+) (4+) 00 2S.) Said to have died from cancer 

Of UST. rieterey oll) allo i -e «ee os (+) (+) 37... Said to have died from bowel 
cancer 

64" Ling Iga eA ae Ok. Mice -» «+ «+ Alive and well 1957. Not 
examined 

DA PLUS T EQ25 eee orr PAY ey Bey = + -» 33 Operation at 32 

64 IIl.2 1927 M II.1 aged. Se :-"" see .. + Nepative 4657 

64 III. 3 TO2S sue eller DF 27) te, Aa — 28 .. IRA at 27. Died from obstruc- 
tion 1 year later 

I 2 3 4 5 - Spe 9 TOn ene 13 

(oe pe bene 1891 M Fe Ree ir Sols @ e «+ «+ «+ Negative 1960 

Obeel2 1895 F to Mee ee toi ie spp oom -. Nepative 1960 

Gxmelie sn TO2) a NL olor 52 503 Oa _ - .. .. IRA at 36 

(1B, ee O24 mee ce “ts +» 23 .. Cause of death, suicide 
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67 


7s 8 9 TOM nT meer 
= 263 
368 3. - _ 
aS 9 TOM ry Lee 
ain =, 43 
32 32 Ae = 32 32 
41 4I 5 = s« 42 
Whe te: 9 IO") VR 12 
Path et aki 
44 45 + — 51 46 
Gites 9 TON oie 2 
35 
fe Bi 36 
Aw ler - Pe rer 
39 39 ap = 39 39 
ae (+) (+) 41 =, 
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13 


Polyposis not diagnosed 
Negative 1960 

Not traced. Said to be well 1959 
Negative 1959 

Negative 1959 

IRA at 36 

Negative 1959 


13 
Polyposis not diagnosed 
Negative 1958 
Negative 1958 
Not examined. Alive 1958 
Inoperable cancer 
Operation at 41 


13 
Said to have died from bowel 
cancer 
IRA at 46 
Negative 1952 


13 
Cause of death, influenza 
Cause of death, suicide 
Operation at 42 
Inoperable cancer 
Died of bowel cancer. Poly- 
posis not diagnosed 
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71 


71 


3 


73 


3 4 
c.1850 M 
1871 M 
os, 
M 
F 
Pp i 
1900 F 
1901 M 
1903 F 
c.1905 F 
1908 M* 
c.1918 M 
c.1928 F 
3 4 
1885 M 
1891 F 
1923 M 
1930 M* 


3 4 
1900 M 
TO22 ey 
1925 M 
1928 M 
1934 M* 
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27 


30 
24 
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27 
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24. 
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13 
Said to have died from cancer | 
Polyposis not diagnosed 
Died from heart disease : 
Polyposis not diagnosed | 
Cause of death, cancer of uterus 
Polyposis not diagnosed 
Cause of death, cancer of breast 
Alive and well 1959. Not : 
examined 
Alive and well 1959. Not 
examined 
Cause of death, cancer of uterus 
IRA at 50 
Alive and well 1959. Not 
examined 
Alive and well 1959. Not 
examined 


13 
Alive and well 1958. Not 
examined 
Alive and well 1958. Not 
examined 
Alive and well 1958. Not 
examined 
Operation at 27 


13 
Polyposis not diagnosed 
Not examined. Well 1958 
Killed in war 
Operation at 30 
Inoperable cancer 


13 
Polyposis not diagnosed 


Operation aged 28 
IRA at 32 
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I 2 3 4 5 6by Fea<8 9 LOle Lim 12 13 

7A, len 1902 M Alive and well 1959. Not 
examined 

Fee AGS 1901 F Alive and well 1959. Not 
examined 

An euler. 1929).M* Ii1,2. 26 27 27 + — 29 28 Died of recurrence 

Ae Liss 1033 meivee sar. Alive and well 1959. Not 
examined 

I 2 3 4 5 Sly Ba 9 1Oe, 1) 12 13 

Pe Lal 1893 F aie Pal er Aa - ao 56 .. Also had desmoid tumours 

ai WAS: TO32 ae Hee an Sa eee or ot .. .. Alive and well 1961. Not 
examined 

750 ules 1934 M I.1 ots we te aeys .. .. .. Alive and well 1961. Not 
examined 

Fig AIS LOS bor 20 .e 2 Tt = sd on UBC 


I 2 3 4 5 Oe 7S 9 TORe GT Teer 2 13 

Ou eat 1896 M 38 Cause of death, brain tumour 

yeh Ae? 1897 F Alive and well 1962. Not 
examined 

vo. Lt. 1 TOZAm Ul. Pe bea e Ae 24 + 36 .. Rectal cancer aged 24. Died of 
colonic cancer 

I 2 3 4 5 6 #7 8 9 TOM Leer 13 

70 Wek 1883 F : (+) (+) 36 .. Said to have had bowel cancer 

TO Let 1907 M I.1 +6 ae , Alive and well 1962. Not 
examined 

Om Ula LOI0 “tale x “- — 46 .. Polyposis not diagnosed 

79) 1153 TOL) Hee kor =f — 30 .. Polyposis not diagnosed 

79 II.4 1920 M I.1 hee) an .. 22  .. Killed in war 

FOr at 1934 M* II.2 23, 244% f5— — .. .. IRA at 28 

Zo) Liz 1936), Ks Li. 2 si 22 2 Set — .. 24 IRA at 23 

49 -IIL..3 1939 M Il.2 ae eM fc .. Negative 1959 

7g Ill. 4 TO30me Min Llane ’ Negative 1959 

7o0 Lila 1944 F II.2 Negative 1959 

79 Iil.7 1937,0 i, . Lie3 Negative 1959 

79 III.8 1943 M I1.3 Negative 1959 
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2 3 4 5 OF tne OSS 9 TO Y 1x9 12 13 
ey, c.1890 M es Sieh trie toys Pe .. 67... Cause unknown 
1s) 1888 F at Ce Pr es PAG .. 37 .. Cause of death, bladder 
infection 
II. 1 TOL Zeit 2a yee Ay - _ No treatment 
Il..2 O14, Nieeler, 206. ee. Alive and well 1960. Not 
examined 
a3 3 4 5 Orcs 9 TOve Tiere 13 
Lisa 1881 M 60 .. Cause of death, stroke 
We 1887 F 40 .. Said to have died from cancer 
of uterus 
1 a HoYoyet ON ON tg ee aie Ap .. .. Alive and well 1959. Not 
examined 
II. 2 aiofofes HUE PAiRiS a 73 Alive and well 1959. Not 
examined 
ni TOTO) co Mae carro cece: eter. 5 mare si ahr .. .. Alive and well 1959. Not 
examined 
De O12) 7 Mie Para eee ae a Be .. .. Alive and well 1959. Not 
examined 
IL. 5 TOLS Mel areoe vAAG Ad) AAs ae Operation aged 44 
2 3 4 5 6047 45 9 TOM Ti we 13 
Mo M 2? .. Nothing known 
Ie, F AD ?  .. Nothing known 
(Ol Bere wae wy: We AS 22 ae rele Sern eis Le Re ? .. Killed in accident 1920 
rie 1593 Gg gels Were eae + — 44 .. Polyposis not diagnosed 
III. 2 to2z0. H* “leo Bo, 36 $390 + - .. 40 IRA at 39 
bss O20 elles, gh ted be - - .. .. IRA at 4o 
LTS hove eh © Wil 3 wen esreg ets i 46 .. .. Negative 1959 
LV 32 Idee MMB Lack ol nye He bie .. .. Negative 1959 
LVis2 1944. My Il) 28% 40... OF. of a .. .. Negative 1959 


2 3 4 5 Oe 7.228 9 TOw ey himeetS 13 

Teer M (+) (+) 44 .. Abdominal surgery 6 months 
before death 

er Anes boa 32 34 34 (+) (+) 34 34. Site of cancer not specified 
A 2 ied 45 47 47 (+) (+) 49 48. Site of cancer not specified 
1 B55: Ws he tomes. dea a 36 .. .. No symptoms reported 
10, 7 I Eade boob a. mere uw ae A oe .. .. No symptoms reported 
as M I.1 30 42 42 (+) (+) «.. 43 Site of cancer not specified 
1 Bhs M* II. 1 2525 eno 2 + .. 33 Colectomy aged 26 
III. 2 AP, We Re er nic .. Examination negative 
III. 9 M Il.5 Examination negative 


1554 


1554 
1554 
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1554 
1554 
1554 
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43 44h 44), eS 
g8 4P4r (+) (+) 


24 


20 


14 
Ei 


23 


29 
33 
28 


It 
7° 


45 
42 


II 
50 
42 
62 


40 
33 


33 
29 


12 


45 
42 


12 


38 


30 


33 
29 
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13 
Polyposis not diagnosed 
No bowel symptoms reported 
No bowel symptoms reported 
No bowel symptoms reported 
No bowel symptoms reported 
Alleged to have had polyposis 
No bowel symptoms reported 
Site of cancer not specified 
Site of cancer not specified 
No bowel symptoms reported 
No bowel symptoms reported 
No bowel symptoms reported 
Examination negative 
No treatment 
Examination negative 
No treatment 
No treatment 
No bowel symptoms reported 
No bowel symptoms reported 
No treatment 
No bowel symptoms reported 
No bowel symptoms reported 


13 


No symptoms reported 
Died of bowel cancer 
No symptoms reported 
Died of bowel cancer 
No symptoms reported 
No symptoms reported 
Polyposis not diagnosed 
Site of cancer not specified 
No symptoms reported 
Site of cancer not specified 
Nothing else known 
Nothing else recorded 
Nothing else recorded 
Had some rectal bleeding. 
? Polyposis 
Nothing else recorded 
Polyposis not diagnosed 
Site of cancer not specified 
Site of cancer not specified 
Examination negative 
Nothing else recorded 
Examination negative 


84 APPENDIX 1 


1554 (cont.) 


I 2 3 4 5 Gr Fors 9 TOY 11) 12 13 
1654 TER IMIS 276 OE Ah man om eee .. .. No symptoms reported 
1554 III. 12 REP MLE GIFs cas 9277. aay - - .. .. Nothing else recorded 
1554 Ill. 13 C7 UE CAT 7 ig tic. wk te cep aes =o ac .. .. Examination negative 
1554 OD: 4 Mee. «Be Bp eke oa a .. .. Examination negative 
1554 Ill. 15 VOD Gs eae Eley ts a6 vs .. .. No symptoms reported 


1824 
| ; 11825, re) 
iH : Il 
1 2 
a 
Ul 1 
a 
IV dea 
I 2 3 4 5 (CS oP ot 9 TOME TI re 13 
TSO Ler M (+) (+) 37 .. Cause of death unknown. 
? Polyposis and cancer 
TOOTMRL M 81 .. No history of intestinal 
symptoms 
wor I.4 F Alive and well aged 72 
1801 Il.1 aL bch Cee ca ae aye .. .. No symptoms reported 
1sor (Lil2 WS = eee ee) 6 (+) «6( 4+) «337.~-- ~3= Neoplasm involving stomach 
and transverse colon 
1801 II1.3 F 1.3,4 ? 5§5 55 (+) (+) .- 56 Site of cancer not specified 
1801 II.4 Hy SUS 9A ee domes to teas ees .. .. .. Examination negative 
wor Il.5 GIL EE ee 56) tag oo va a ss=.. ‘Untraced 
1801 II.6 Wy ily gee! Examination negative 
1801 II.7 WY eB eh Rel 6a ae ae 2 .. .. Examination negative 
1801 III.9 F* II.2,3 15 15 17 (+) (+) 18 18 Site of cancer not specified 
1801 III. 10 M Ii.2,3 13 13 14 (+) (+) 109 15 Site of cancer not specified 
r8or | Lars F II.2,3 8 .. 9 (+) (+) 9. 9g Site of cancer not specified 
1801 III. 12 PRT 2.35 oa 2oehe- = - .. .. Nothing else recorded 
I 2 3 4 5 a 3 9 TOmmeCT mmr, 13 
1824) eles ote: SEE oe RAY.) sve vere - (+) 45 .- Said to have died of rectal 
cancer 
1824 Utz pete MES DET Ae oo yp oo = + 27... Polyposis not diagnosed 
1824 III. 1 Sickie el ha TELS Ra “23h - - .. .. Nothing else recorded 
1824 IV.1 Soba Ah JONES dass, Won ing & od -. «+  .. Examination negative 
1824 IV.2 ea) MMOLE DST iy eat, Weclemeterou. teens of .. .. Examination negative 
I 2 3 4 5 6: 7a 9 ey SR he 13 
TO25 wiley Si etki me RE na be Es -- 36 .. Accidental death. 1 sib had 
cancer of colon aged 41 
1825 I.2 F ae ee dah a &% +» .. Examination negative aged 35 
TO25 lies Vial AL gy 5 BSarese— - .. .. Birth rank not recorded 
Is25 Lie DIMEAT, 2 re One sib with no intestinal 
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24/25 Paver ere ee 


40 
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58 
37 
50 


51 
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40 


47 


40 


51 


35 
38 


33 
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40 


33 


32 


13 

Said to have died of bowel 
cancer 

Said to have died of bowel 
cancer 

No bowel symptoms reported 

No bowel symptoms reported 

No bowel symptoms reported 

Cause of death, bowel cancer 

No bowel symptoms reported 

Site of cancer not specified 

Probably died of cancer 

Said to have died of tuberculosis 
of bowels 

Said to have died of tuberculosis 
of bowels 

Said to have died of tuberculosis 
of bowels 

Died of intestinal disease 

Nothing else recorded 

No symptoms reported 

Colectomy aged 37 

No symptoms reported 

No symptoms reported 

No symptoms reported 

Site of cancer not specified 

No symptoms reported 

Cancer of caecum diagnosed 
before polyposis 

No symptoms reported 

Examination negative 

No symptoms reported 

Died of intestinal disease 

Examination negative 

Polyposis not diagnosed 

Site of cancer not specified 

No symptoms reported 

1 polyp in colon on X-ray 

Site of cancer not specified 

Site of cancer not specified 

Site of cancer not specified 

Examination negative 

Examination negative 

Nothing else recorded 

Nothing else recorded 

Examination negative 

Examination negative 

No symptoms reported 

No symptoms reported 

Nothing else recorded 
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(cont.) 
I 2 3 4 5 6 7 as 9 bt) 
1826 IV. a1 M II. 21 
1826 IV. 24 ot eas 22 = = 
1520 shiv, 25 M II. 23 
1826 IV. 26 P-oLi23 17 = = 
1826 IV. 27 M III. 23 15 = = 
1826 IV. 28 Ti AO eae) 12 _ — 
1826 IV. 29 M Iii. 23 
1826 IV. 30 Mae bol 3 
TS2600LV 52 F It. 30 2 
1826 IV. 53 i ME eye 
1826 IV. 54 M_ III. 30 
1826 IV. 55 M III. 30 
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13 
Examination negative 
Nothing else recorded 
Examination negative 
Nothing else recorded 
Nothing else recorded 
Nothing else recorded 
No symptoms reported 
No symptoms reported 
No symptoms reported 
Examination negative 
Examination negative 
Examination negative 


13 
Alive and well aged 47 
Examination negative aged 43 
Died post-operation 
No symptoms reported 
Well aged 19. No surgery 
No symptoms reported 


13 
Said to have died from bowel 
cancer 
Polyposis not diagnosed 
Polyposis not diagnosed 
No symptoms reported 
Cause of death, carcinoma of 
spleen. Had had rectal bleeding 
No symptoms reported 
Examination negative 
No symptoms reported 
No symptoms reported 
No symptoms reported 
No symptoms reported 
Examination negative 
Site of cancer not specified 
Nothing else recorded 
No symptoms reported 
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13 
Polyposis not diagnosed 
Died with pelvic abscess 
Died post-operation 
No symptoms reported 
No symptoms reported 
No malignancy at post mortem 
No symptoms reported 
No symptoms reported 
No symptoms reported 
No symptoms reported 
Nothing else recorded 
No symptoms reported 


13 
Alive and well aged 69 
Alive and well aged 69 
Birth rank and site of cancer 
not specified 
7 full sibs aged 25-40 all alive 
and well 
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Polyposis not diagnosed 
Site of cancer not specified 
Nothing else recorded 

No symptoms reported 

No symptoms reported 
Nothing else recorded 
Examination negative 


13 
Examination negative aged 38 
Examination negative aged 31 
Partial colectomy aged 5 
Examination negative aged 7 


13 

Alive aged 58. Refused 
examination 

Alive aged 51. Refused 
examination 

Birth rank not recorded 

3 sibs aged 25-32, apparently 
normal, Allrefused examination 
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12 


12 
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40 
12 
30 


12 
42 


13 
Alive aged 55 
Alive aged 51 
Birth rank not recorded 
2 sibs aged 26 


13 
Said to have died of bowel 
cancer 
No symptoms reported 
Cause of death, suicide 
Nothing else recorded 


3498 


13 


Alive aged 56 

Alive aged 54 

Birth rank and site of cancer 
not specified 

2 sibs aged 30 and 29, negative. 
2 others older than 21 alive 
and well. 1 killed in accident 


13 
Died of intestinal obstruction 
No symptoms reported 
Died of gastro-intestinal cancer 
No symptoms reported 
Diagnosis of polyposis not made 
Site of cancer not specified 


13 
Nothing else recorded 
No symptoms reported 
Site of cancer not specified 
No symptoms reported 
Examination negative 
Nothing else recorded 


13 

Site of cancer not specified 
No symptoms reported 
Site of cancer not specified 
No symptoms reported 
Nothing else recorded 

No symptoms reported 

No symptoms reported 

No symptoms reported 


Schutte 1 (1958). 
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Schutte (1958)(1) 
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13 
Alive aged 60 
Alive aged 57 
Birth rank and site of cancer 
not specified 
3 negative aged 23, 21 and 18. 
1 well aged 16 


13 
Killed in an accident 
Alive and well aged 50 
Examination negative aged 32 
Nothing else recorded 
Aged 25. Some rectal bleeding. 
Refused examination 


13 
Died of heart disease 
Alive aged 64 
Site of cancer not specified 
Alive and well aged 33 


13 
Died of cancer 
Negative aged 55 
Negative aged 53 
No symptoms mentioned 
No treatment of polyposis 
Partial colectomy aged 27. 
Alive age 46 
Site of cancer not specified 
Partial colectomy at 27. 
Proctectomy at 42. Wellaged 46 
Not examined 
5 polypi aged 9. Negative at 17 
Partial colectomy aged 14. 
Proctectomy at 20. Well at 30 
Negative aged 32 
No treatment recorded 
Negative aged 9 
Negative aged 4 
Negative aged 1 
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Schutte (1958) (2) Schutte (1958) (3) 
J 1 


ll 1 2 3 4 
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I 1447 WW 3 4’ 5 Os I-10 


Schutte 2 (1958). 


I 2 3 4 5 rp ites 9 TO “rie e> 13 
S27) pleat M BL ater 8 Pate + 58 .. Polyposis not diagnosed 
S2 (Obese 1 LB ie T9232 5. + 29 29 No symptoms recorded 
S2 NWR A et wl lea M208 42 FH — 42 42 No treatment of polyposis 
S2 Il ig Baftis1 ate. , .. .. Negative aged 38 
S2 II. 4 Mii Lh x mee | Lats — - .. .. Colectomy aged 36 
S2 TIT. 7 Hieyll. x a Negative aged 23 
S2 II. 2 Bill. x Negative aged 22 
S2 Ti Hil. 2 Negative aged 22 
S2 To Hyg FLt. x aah a a .. ..» Negative aged 18 
eye IU Tos Me his Tee. —- .. .. Colectomy aged 15 
S2 III. 6 M Iil.2 ta Negative aged 22 
S2 Ii. 7 il ne Negative aged 20 
S2 III. 8 Mir Negative aged 15 
82 ITI. 9 M II.4 Negative aged 9 
S2 III. 10 ute ged i Negative aged 6 
S2 IDO ee M II.4 Negative aged 4 


Schutte 3 (1958). 


I 2 3 4 5 Oe Pag h Me 9 TOUmenY Demet 2 13 
$3 He's F (+) (+) 50 .. Said to have died of cancer 
83 10ioy eo Bie Poth Bo Son Ae -. 24 .. Died in child birth 
83 ie Wu Aon ety ane es oe -» 42  .. Cause of death, throat infection 
$3 Uills 3 US 9 Meer Tr sa \soe + 54 54 Nosymptoms recorded 
$3 Til. 1 We Lire 2ie 233" WA9 gee — 47 47 No treatment of polyposis 
$3 ET Mi ie eke) nig 9 + 34 34 Nosymptoms recorded 
$3 LET A Re ices : .. .. Negative aged 38 
$3 UB ay M Il.2 © (25) 21 af — 23 22 No symptoms recorded 
$3 cies Byte Ry OME, « _ - .. .. Colectomy aged 32 
$3 ITT. 6 roekl 3 “hy fon Ate ue .. .. Negative aged 40 
83 eT Mis EE. 3 aes Olmr — — .. .. Colectomy aged 30. Alive 
aged 44 
83 LV sex ME QEE ey, Pes ha ee es «+ «. «. Negative aged 14 
83 iL Visx2 ANP OEM ye Sis = feo Gee oye .. «+ Negative aged 13 
$3 Ver Te UMS eRe ee ae th ae .. .. Negative aged 9 
83 IV. 4 Magiil. so. cn eh ye. (ee. .. .. .. Negative aged 6 
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Data for the calculation of the parent/child and sib/sib correlations, and the 
anticipation index in families with classical polyposis 


Appendix 2a. Age of onset of symptoms in propositi and proved cases of polyposis. 
2b. Age at diagnosis of cancer in propositi and proved cases of polyposis. 
2c. Age at death from cancer in propositi and proved cases of polyposis. 
2d. Age at death from cancer in prnpositi and proved cases with their parents, sibs or 
children who are deduced cases of polyposis. 
2e. Age at death from cancer for those sibships containing only deduced cases of polyposis. 


Column (1) Family number. Column (3) Age for parent. 
(2) Number of parent of sibship. (4) Ages for children. 


In Appendices 2c and 2d the age at death from cancer has been adjusted to allow for those patients 
whose lives have been significantly prolonged by surgery. The adjusted age values are listed in Appen- 
dices 2 and 3. The values obtained for the various statistics are shown in Table 5 on p. 17. 


Note on the calculation of the sib/sib (intra-class) correlation coefficient 


The method is that described by Fieller & Smith (1951), using an analysis of variance. This is equiva- 
lent to the method described by Penrose (1954) where each sib pair is weighted by 1/(N—1), where 
N is the number of sibs in the sibship. 


Analysis of variance 


Sum of Degrees of Mean 
squares freedom square 
Source of variation (S.S.) (D.F.) (M.S.) Variance ratio 
Between sibships B k—1 u.s. B m.s. B/m.s. W 
Within sibships W N-k M.S. W 
Total B+Ww N-1 


N = total number of sibs, k = total number of sibships, n; = number of sibs in the 7th sibship. 


From the analysis of variance we compute V = N(k—1) (m.s.B.—M.s.W.)/(N?—S(n?)) where S(n7) 


means the summation of n ‘over all sibships. 
The sib/sib (intra-class) correlation coefficient is then given by: r = V/(V+™.s. W) and its signi- 


ficance by the analysis of variance. 
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2(a). Age of onset of symptoms in propositi and proved cases 


Parent/child data 


2 


TAGE fi 
rsx 
TES 22 
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Loh 
Til. 14 
pis 

1B Weer 
IIT. 6 
II. 1 
bee 
II. 2 


roy 9 2%) 
ZY Ee 
13) 12 


14 


1554 


Sib/sib data 
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2(b). Age at diagnosis of cancer in propositi and proved cases 


Parent/child data 


4 
at 
18 

74 

25 

32 

33 

17) 14: 
32 32 31 


Sib/sib data 


38 
43 
42 
31 
21 


18 
28 
14 
30 
24 


42 
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2(c). Age at death from cancer in propositi and proved cases 


Parent/child data Sib/sib data 

4 4 

2 3 —o I 2 — 
IIT. 19 43 19 I dd 57 67 
i 49 31 14 TM. x 39 «628 
Wet 49 26 18 way. 20gs2s 
II. x 34 33 23 Figr 49 46 
1a: 42 33 39 Use) 20) +23 
1H. 56 rSi 15 67 ier 32) e42 
fi 52 49 59 74 72 ae Sa 
832 EST 45 42 
I. 7 40 B33¢ 33 32 1554 Tis 38 30 
1554 1.7 33 29 
1801 ER 3 18h ers 
1826 ESt 40 46 
1826 If. 5 Tyre” ches 
S2 Ler 29 42 
83 T. 2 34) 522 

10 Il. 3 49 53 39 

15 II. 8 oO Se Fig! 

16 Ir 49 59 74 

809 I. 34 48 43 

1826 Te 33°*33 32 

Si Me 4 34:40 22 


2(d). Age at death from cancer in propositi and proved cases with their parents, 
sibs or children who are deduced cases of polyposis 


Parent/child data 


4 4 
2 3 pS I Z 3 — OU 7 
II. 1 46 57 67 554 Ik 46 37 40 27 
TL. 1 44 31 59 ‘Iles 65 30 30 33 36 33 
JMS 47. «28 67 LE 43g) 42, 
44 53 53 54 68 It 35 46 
1.4 53 54 62 52 49 yo @ ile 52 51 
42 60 49 19 44 48 |e ae Ee 372 tsat 24 
3 49 49 53 39 ag la 35 29 
II 48 30 79. Ia 46 24 
40m 22 82 II. 2 44 40 
I. 69 46 53 53 41 46 39 809 It 44 34 48 43 
37 43 809_~—s II. 1 34 33 
III. 1 46 39 28 832 La VOM—EAS TAZ 
PE. pe ey 1554 1 5OmEEG So. 308n 33 
Ill.19 643-19 1554 17 62 29 33 29 
Il. 8 a5m)) 3im 32) 43 1801 Eis 5GMamrS) (i5ie 40 
52 41 52 49 59 74 1826 = 54 40 47 40 
Til esi Aree s4 1826 Il. 1 40MRESS 30) 533 
a 40m 31 1826 Eas AT RaS5®) 355438 
42 47 43 40 1826 = «I. 7 40: 333 33.632 
iin 2 OMS 7, 1862 IGG: 60 9 u40 40) 137 
46 49 46 1982 Dean Aeon 
Dg 49 26 2070 Mes 39 33 
Il. 3 48 29 23 3302 lez 93.0535-40 
50 22 49 3498 = dL A233 
$48. 35° 45.23 25 Si I. 50 34 40 22 
a3 56 60 Si EES3 34 21 
II. x 44 30 43 S2 I.1 58 29 42 
Ali). 32.35 $3 Tos 50 54 
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2 (d) (cont.) 
Sib/sib data 


4 4 
I 2 nis a creme I 2 eth parca na Ree 
I A 571 67 15 IT. 8 Ziss2 243 
14 Tiisr 39 «28 17 UB AT Was AO 
18 ar 31 2S 55 Tis ay Rey ty 
23 Hare 49 46 809 To 34.448 943 
30 1 We 47645 1554 -5 50 42 62 
387 a}. 3 40 33 154 060CldLe 38 30 33 
39-—Cfs«dAL 3 29 23 1554 7 29 33 29 
45 A De i 22 49 1801 Lie TOMS: AAO 
49 IT. z 30 43 1826 Tis Cin Si ete! 
50 Vg 32 «35 1826 it, 7 Rien cee CPs 
54 Ne 336 Aa Si AI p 34 40 22 
ra ae sally * ae BF 54 62 52 49 
I 47 13 35 45 23 25 
ahs I 31 24 1826 La 40 47 40 46 
ee 4 a is ys 1862. La 40 49 37 33 
Se Ee 29 42 10 if 60 49 19 44 48 
83 siline 34622) 16 < ate e ae a 74 
59 I 39° 3° 73 
5 Il. 8 47 139, 29 1826 =II.1 30 33 A os 38 
6 I.3 53 53 54 
192 | ‘Gils 49 53 391 ta, ' kas 46 53 53 41 46 39 


2(e). Age at death from cancer for those sibships involving only deduced cases of polyposis 


Three cases (marked *) were verified cases of polyposis who, having had a partial resection of their 
bowel without cancer being found, developed cancer some years later. 


Parent/child data 


4 
- 2 3 = #TTTT—_ 
I Ir 42 46 52 54 39 27 44 
I II. 3 54 52* 33 
2 Licey 44 46* 
6 I.2 53 50 45 
6 II. 4 53 23 
10 Il. 2 60 34 30 
II i 47 29 
14 Une 39 69 37 
15 ay 40 35 
16 ie 52 32 
19 II. 4 35 21 
48 eer 68 56 61 
49 Tex 46 44 
55 Il. 2 43 46 31 43 
55 I. 3 53 63 29 69% 
70 es 52 59 52 
70 itr 59 40 
79 lee 36 46 30 
1801 Leh a7 37 
1824 Ti 45 27 


In addition to the above sibships involving deduced cases of polyposis, there were the following in 
which the age at death of the parent was not known. 


These values are all in addition to those listed in Appendix 4(d). 
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(1) Manifestation of the polyposis gene 
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2 (e) (cont.) 
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Data and calculations for sibships having an affected parent but not containing a propositus or parent 
or grandparent of a propositus. 
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Family number. 


Individual number of parent of sibship. 
Number of sibs with polyposis. 
Number of normal sibs. 
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Calculation of manifestation 


No. of affected sibs 


Sibship on 


size ° I 2 3 
I 10 12 2" 
2 II 9 2 
3 + 4 5 - 
4 3 6 4 2 
5 I 4 ae 2 
6 I I I 
7 I . I 
8 
9 
10 , ae 
Total 29 37 12 6 
Sibship Frequency Segregation 
size (8;) (fi) ratio (p;) 
I 22 0°5455 
2 22 0°2955 
3 13 0°3590 
4 15 073333 
5 7 0°2857 
6 4 0°4583 
7 3 03810 
8 I 05000 
Ic 3 0°4000 
For sibship of size s,, 
__ total no. affected 
. SiS; 
and V; = p(1—p,) fis; 


Pooled estimate 
Pooled variance 


where S signifies summation over all sibships. 


p = S(p;/V,)/SQ/V;). 
V = 18 (1/V%), 


Variance 


(Vi) 


O'01I3 
0°0047 
0:0059 
0:0037 
0°0058 
O'0103 
oO-ol12 
0°0313 
0'0120 


Manifestation = 2p = 72-28 % (s.B. 5:74%). 


(2) Manifestation of the polyposis gene 


NOH WAST 
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Data and calculations for sibships containing a propositus or parent or grandparent of a propositus. 


Column (1) Family number. 
(2) Individual number of parent of sibship. 


(4 
(5 


Number of normal sibs. 
Type of sibship: 


P = containing propositus. 
PP = containing parent of propositus. 
GPP = containing grandparent of propositus. 


I 2 3 4 5 
I eax 6 I 121k 
I 1 B23 2 ° ip 

2 II. 1 3 ° Pee 
3 eae 2 ° 1 

5 M5 4 4 PP 


DnDAaUN 


) 

(3) Number of sibs with polyposis. 
) 
) 


BWW w 


Hee ND 


97 


APPENDIX 3 


Ay 


Se * Qi By a a 
Ay AY AY AY AY AY AY AY AY AY AY AY AY A, AY AY 


Ay 

fu 

Ay a 
m a Ay Ay os 

Ay Ay AY AY AY AY AY AYA; A, A, A, A, A, A; A, A, A, A, A, A, AY AY AYA AY Py 


NTAHAMMAONHNONNAH HHT AHWOATNOAOHMNIADATMONADOANAHONMMMH OO 


HTH HH MH OMAN ANKE NMDA MH YO MO FH HHH TOMA TMHA AHH OA AMNYN MH 


et Lop) Ll - lol 
te Be eM ey a mene a a Fee en ee ec Wee ee oe et Oe et ees 
Ce Se ey a eg TR ne TET oe Oe ce a a we Se ID sae cer) we Tce OE eB ee Cee es 


SSPE SSE SR ER RRRSSSSPSS Seo ce TIA Race N eae ce see 
Seek A he Pye eee SOE Se Soe ee eS eS 
Ay oe 
PY a Ay ow 
ay = eB Gy oy a Ai oy Ay Ai Ay Ay 
MOA MAMA AAA AA AAAAAAAAAAAAAAAAAAAAAAAAAA AOA AAA 


NOTFTONOMMHAOH MNHO HTH MODA HH MTTH HENKHO HF OF HO MH O HLH AN HH HO 


MOO AHH ARH MH MFM MNNMNAHHANAAKRARAARATMNA HTH MOMAHH MOA TA MMH TH 


oo 

Hm” eo Lal 2) N oO o Ll ‘ [seer Lal 
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Calculation of manifestation 


No. of affected sibs 
Sibship a a 


size I 2 3 4 5 6 7 8 
I 10 ae 
2 13 5 a 
3 4 7 4* 
4 2 8 apie I 
5 I chs 5 2 
6 2 I I I I 
7 | I 2 : I 
8 : 40 2 
9 She : I 6% 
10 an I I I 
II I 2 
12 A I ; : 
Total 32 25 23 9 5 33 I I 


* Indicates one sibship ascertained through two propositi. 


** Indicates two sibships each ascertained through two propositi. 


Sibship Frequency Segregation Variance 
size (8;) (fi) ratio (p;) (V;) 
2 18 02778 O'OIII 
3 15 0°5313 0:0087 
4 18 0°4833 00050 
5 II 0°4038 0:0062 
6 6 0°3333 0°0074 
7 4 0°4167 O-OI0! 
8 6 0°4694 0:0066 
9 4 0°3250 00080 
10 3 06667 00082 
II 3 0°3333 0°0074 
12 ar 0°2727 0:0180 


For sibships of size s; with r affected sibs and ¢ ascertainments we find 
T, = S(t(t—1)), BR; = S((r—1)) and U; = S(t(s;—1)), 
where S signifies summation over all values of r and ¢. Then 


U,-R,; 


La R,jU; and V; = Of 


(R,U;+ U;7,+ 28; T(8;—3)). 


Pooled estimate 
p = S(p,/V,)/SQ/V;) and variance V = 1/S(1/V,), 


where S signifies summation over all sibships. 
Manifestation = 2p = 84-54% (s.E. 537%). (Fisher’s sib method (1934).) 


3 (a) Relative proportion of cancer in 120 cases of polyposis 


Number Proportion 
Age with cancer Total with cancer 
<20 2 17 O12 
20-29 9 26 0°35 
30-39 24 41 0°59 
40-49 19 27 0°70 
>50 6 9 0°67 


60 120 0750 
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(1) Estimation of relative fitness (W) 
Data for the estimation by counting the number of affected persons born to affected parents. The 
method is described on p. 27. 


Column (1) Family number. 
(2) Number of persons with polyposis in generation NV. 
(3) Number of persons with polyposis in generation (N +1). 
Affected persons are excluded as parents, if they are alive and aged less than 30, or if their children 
have not been examined. 


I 2 3 I 2 3 I 2 3 I 2 3 
I 10 7 14) 15 24 38 2 4 55 II 12 
2 Z 3 15 10 5 39 3 2 59 9 8 
3 2 ° 16 8 3 42 I I 61 4 I 
5 7 4 17 3 2 45 2 ° 67 2 ° 
6 12 10 18 3 ° 47 8 4 68 I ° 
‘i 3 I 19 5 8 48 6 4 69 3 ° 
8 3 ° 23 4 2 49 3 3 70 4 2 
10 15 15 28 I ° 50 I ° 72 I ° 
II 2 ° 30 2 ° 52 I fo) 79 2 2 
13 ; S 33 od S 53 ; : Total 191 139 
140 I ° 37 I 2 54 9 7 


W = 139/191 = 0°7277. 


(2) Estimation of relative fitness (W) 


Data for estimation of fitness assuming that reproduction stops when cancer is diagnosed. 


The results are shown in Table 13, p. 27. 
Parental age distributions in the general population, calculated from the data given by Blank (1960). 


Central University Mothers in 
age in Australian College Hos- England 
years fathers pital fathers and Wales 

17°5 00°57 00°78 03°87 
22°5 14°60 09°37 27°20 
27°5 32°28 30°73 33°17 
32°5 25°68 30°73 19°92 
B75 I5‘II 15°90 12°03 
42°5 07°84 08-98 03°57 
47°5 02°81 02°73 

52°5 00°84 00°49 00°24 
57°5 00°22 00°20 

62°5 00°05 00°09 


Total 100°00 100'00 100°00 
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Ages at diagnosis of cancer in polyposis patients. 
Column (1) Age group. 
(2) Propositi of classical polyposis families. 
(3) Proved cases from classical polyposis families. 
(4) Totals of columns 2 and 3. 
(5) Isolated cases of polyposis. 
(6) Polyposis plus sebaceous cysts. 
(7) Grand total of all cases of polyposis. 


Males Females 

I 7 eee ee” | OP ear I OB Pleth esis Gas 
15-19 es is 15-19 I i en I 
20-24 2 ee vote 2 ge iss 2 20-24 2 I 3 2 5 
25-29 I 4 5 5 10 25-29 2 2 5 EN #h 
30-34 pica he ee I 7 30-34 5 I 6* « Soe, 
35-39 3 be + I 5 35-39 2 I 3 2 5 
40-44 5 2 7 2 9 40-44 I I 2 I 3 
45-49 4 I 5 I 6 45+ 8 ce aa i 
50-54 a 2 Total TOmerON 20 7 5 40 
55-59 2 2 2 
60-64 I 3 4 4 

Total 20mg 173) ee O eA 7: 
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Parental age and birth rank in isolated cases of polyposis and results of 
partial correlation analysis 


The ages of the parents are the ‘exact’ ages with a grouping interval of 1 year. When the age of a 
parent is obtained by subtracting the year of birth of the parent from the year of birth of the child, 
the age obtained is the parental age correct to the nearest year. The variance is increased by 2. 

When the parental age is obtained by subtracting from the year of birth of the child, the difference 
between the year of death of the parent and the age at death, the result is the age last birthday of the 
parent when the child was born. Accordingly 0-5 must be added to such estimates to give the exact 
age. The variance is increased by ;%;. The calculated variances have been corrected for grouping. 


Family Father's Mother’s Birth Family Father’s Mother’s Birth 
no. age age rank no. age age rank 
20 34 32 2 43 44 38 4 
21 44°5 36°5 4 44 36°5 34°5 3 
22 ar 30 3 51 24°5 26°5 I 
24 36°5 29 I 56 37 26 2 
25 38 24 I 58 27 26 I 
26 56 45 8 65 30 26 I 
27 47°5 Shs) 5 71 45 39 2 
29 44°5 41°5 6 74 27 28 I 
31 43°5 40°5 5 7 28 27 I 
36 a3 43 4 80 22°5 24°5 I 
40 20 ze I 81 34°5 28°5 5 

41 Si, 34 3 
Mean Variance 
Fathers’ age Be? 79°59 
Mothers’ age 32°09 47°45 


Birth rank 3°TO 3°99 
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Correlation coefficients 
f = father’s age, b = birth rank, 
m = mother’s age, a = incidence of polyposis. 
The ‘expected’ values for parental ages and birth rank are taken from Blank (1960) and are used to 
compute 7;;, Tz and 7,;. 
The values of rp, 7,» and 7;, are the population values calculated from the data given by Blank 
(1960). 


Tym = +0°73 Ty» = +0°30 ? mv = +049 
Ty, = +0°25 Tri 10:27 To, = +0116 
Tyi,m = +0°09 Tmi.f = +O°12 Ty 7 = 0°09 
Trip = +0°22 Ymi.b = +0°22 Tyi.m = +0°04 
ti. mb = +0°10 T mi. to = +0°09 Tri. tm = +0°05 
APPENDIX 6 
Linkage data 
Column (1) Family and individual number. Column (8) Lewis blood group (Le). 
(2) Parent’s number. (9) Lutheran blood group (Lu). 
(3) Polyposis status (see below). (10) Kell blood group (K). 
(4) ABO blood group (ABO). (11) P blood group (P). 
(5) Rhesus blood group (Rh). (12) Duffy blocd group (Fy). 
(6) MNSs blood group (MNSs). (13) Haptoglobin type (Hp). 


(7) Secretion of ABH antigens (Se). 


Presence or absence of polyposis is indicated by + and —. The presence of a ‘stop’ (.) in this column 
is for those children who have been blood grouped but are still too young to be scored as negative for 
polyposis with any degree of certainty. These persons may be used in the linkage analysis but only to 
clarify the mating type of the parents. 

MNSs typings. Anti-s serum was not always available so that a single letter S includes both geno- 
types SS and Ss. 

The suffix H or W to a person’s index number indicates the husband or wife of that person. 

UCH is an additional family used for linkage analysis only. 


Classical polyposis families 


I 3 4 5 6 7 8 9 TOM es eee 2 13 

ReELLE: 6 II. 8 —- B Ryr Ms oh a —- at 
BY TIE7 II. 8 - oO Ryr Ms oa Gye AD ey 
4 II.5W ao —- B rr MSs . a a— = ot, a> , 2/ 
wy SLED. )2 II. 5 + O rr M8s Se a-b+ a- — + a-— 2/2 
7 ATIT.'2 II. 5 - oO rr MNs se atb— a—- — + a-— a2/1 

to IlIl.g : + <A, R,R, MNS .. a@-b—-— a - + at 

TO BLY. 12 LET. 9 - oO Rr MNS . a-b+ a- -—- + ar 

FO) SLY. 3 IIT. 9 - <A, Ror MNS oa a- + + a- 

TOM ALY. «3 4 III. 9 + O R.r MNS .  a-b+ a-—- + + at 

TO) UV 15 II. 9 + A,B Ry Ns ee: oo a-  =— + at 

1o IV. 16 III. 9 - oO Rr MNS . a-b+ a-—- + +: at 

1o IV.19 III. 9 — A, Ryr Ns . a-b+ a- -—- + a 

1o IV.20 EG + <A, Rar MNS .. a-b+ a- —- + as 

to. IV. 21 III. 9 + A,B Rr Ns ee: oo a-  — +.) at 

10 III. 18 II. 8 — A, Rh— MNs 

10 III. 19 II. 8 + A, Rh+ MNS 

Ag LL er LEST rd Rit MN 

4) sel. 2 ETS x + A, Rit 

ra eee, 3 JOS + ay 
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Classical polyposis families (cont.) 
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Classical polyposis families (cont.) , 


- 14 


3 4 5 6 7 8 9 cO7 nie 22) rs 
- A, Rr MNs a— a— = + a-— 
—- A, ie MSs Se a-— a— = oh ae 
+ A, Ryr MNSs Se a-— a— te a 
+ O Ror NS a-b+ a- -—- +.) at 
+ <A, Ryr Ns a— B= pat — 8c 
—s aC Ryr Ns a-b+ a- -—- + a 
- oO ae Ns a-b+ a—- — +.) a+ 
+ <A, R,R, MNS a+ a— - + at 
+ A, R,R, MS at 2 ee ee ct 
fe se Ryir NSs rs He $e 
- oO R,r MNs Se a-b+ a—- — + a+ a2/1 
- oO Ry r MNs Se a-b+ a—- —- + a+. 2/2 
+ O R,R, Ns Se a—b+ a-— —- — a+ af1 
+ O rr MNs Se a-—b+ a- — + at 2/2 
- oO Rr MNSs Se a-—b+ a—- —- — a+ ay/r 
+ O R,R, MNs se at+tb— a— - + at a2/r 
+ O R.r Ns Se a-b+ a—- —- — a— 2/1 
O rr Ns se atb— a-— _ — a— 2/2 
O R,R, Ns so atb— a-— — + a+ 2/1 
O Rit MNs se atb— a— _ + a- 
+ B Ryr Ns .. a a- —- — at .. 
+ O Ryr MNSs Se a-b+ a- —- + a— 2/2 
—- B R,R, MNS Pe: a— — - a 
+540 Ryr MNSs Se a-b+ a—- —- + a— 2/2 
ae — <A, R,R, MNSs Se a-—b+ a-— —- + a-— 2/2 
TT. 2 - oO R,R, MNSs Se a-—b+ a-— - + a-— 2/2 
iON: — A, Ryr MNSs Se a-—-b+ a-—- —- + a-— = 2/2 
- O rr MNs Se a—b+ a— — + a-— 2/1 
+ O Ryr Ns Se a-—b+ a— ~ + at 2/t 
+ A, Ryr MNs se atb—- a-—- —- + a— a2/1 
- <A, Ry r MNs Se a-b+ a- —- — a-—_) 2/2 
+ A, Ryr MNs Se a-b+ a-—- — — a— 2/I 
—- A, R,R, Ns Se a—-b+ a— - + a-— 2/1 
- oO R,R, MNs a— a-—  — — at 
- oO Rinhta eet a - at .. 
+ O R,R, MNs Se a-b+ a-—- -—- + a— = ff 
+ <A, R,R, MNs Se a—b+ a— - + a+ 1/1 
- A, Ry,r MNs Se a-—b+ a— _ + a+ 1/1 
—- <A, Ryr MSs se atb—- a—- —- — a— 1/1 
- oO R,R, MNs Se a-—-b+ a-—- — + a— 1/1 
+ A, R,r MNs Se ae 
+ <A, Ror MNs Se c ane = “ 
- oO R,R, MNSs se at+b—- a—- —- + a— 2/1 
+ <A, R,R, Ns se atb—- a-—- -—- — a— 2/1 
ATA = O Ror MNSs Se a—b+ a— _ + a-— 1/1 
cae = AY Ror Ns se atb—- a—- -—- — a— 1/1 
id O R,R, MNs Se a—b+ a-— _ + a-— 2/1 
— A, Rr MNSs se at+b—- a—- — + at 2/1 
+ <A, R,R, MSs Se a-b+ a- — + a+ 1/1 
+ O R,R, Ns Se a-b+ a- — + a+ 2/1 
- oO R,R, MNs se atb—- a-—- —- + a+ 2/2 
— A, Ryr MSs se atb—- a—- —- + a 1/1 
+ 0 R,r MNs Se a—-b+ a- —- + a+ 2/1 
—- A,B Rr MNs Se a-— a= = = a- 2/2 
+ B Rer MNs Se a-— a= —- + at 2/2 
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‘Cyst families’ 

5 6 a 
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